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*XXXIII. On the connexion between Electricity and 
Vegetation. By Thomas Pine, Esq., Maidstone* 

• 

• Reflecting on ihe known properties of the electric fluid, 
and the suitability of plants in their relation to the surround- 
ing elements to receive its influence, I was led to regard it as 
highly probable that vegetation depends much on this prin- 
ple. From the experiments of Mr, Cavallo, as recently 
confirmed by those of Mr. Sturgeon,! I had learnt that the 
air is in a constant state of positive electricity; hence it 
seamed reasonable to conclude that the acute extremities of 

^plants in a living growing state, must be constantly imbibing 
soiiM^, portions of the fluid, and introducing it iiflo their sub- 
stance. 1 ext>ected that their attractive energy mu^t becon- 
s’lderable, as the mutual arrangement has much the appearance 
of an immeive apparatus in constant operation ; and was 
strongly confirmed in my conclusion by observing that a 
comnioii blade of grass, ^ when presented to the prime 
conductor of an electrical im.7.\iine, gave evident pre^ofs of a 
mor<* potent attractive and cond 'cting power than appeared 
in a corresponding metallic point ; the fluid appearing to flow 
toward it with less obstruction, with a more uniform current, 
exhibiting a much brighter light, and t/ considerably greater 
distances. In some experiments made iii ihc«moiith of June, 
a metallic point and a vegetable point being held equidistant 
from the piVne conducto]*, the vegetal >le point Continued to 

* Coininunicated by^he Author, 

+ Mr. Sturgeon favoured infi witli a most obliging letter contain- 
ing ample evidence from his numerous exjjerimeiits both of tlie 
general. fact aiuT of inaiw interestiiig particulars relating to the 
subject, the contefits of wTiich, I trust, will appear in confirmation 
of the above statement. 

\^OL. 1 y. — No. 22, January, 1840. 
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be illuminated till it had reached at least four times the dis- 
tance at which the< metallic point ceased to exhibit any light, 
that is at the distance of f bout fourteen feet. A correspond- 
ing effect attends the passing of the contents of^ a charged jar 
through a vegetable poilir ; as in this case, the human body 
being a part of the circuit, the jar will be j^isdiargcd with 
almost no perceptible effect on the animal ftanic,,yet leaving 
hardly any residuum; whereas if a metallic point be employed, 
the shock will be more sensibly*felt, and the residuW more 
considerable. * 

Hence it follows that vegetable points must be acting with 
a great and continued energy upon the electricity of the 
atmosphere, either in imparting to it the electric matter which 
it uniformly contains, or in imbibing the fluid from the at- 
mosphere, which must be as constantly afforded to it fr6m 
some other source. The latter conclusion appears by far the 
more probable ; since it is impossible to account for continual 
supplies of electric fluid from an earth in a constant state of 
negation with respect to its atmosphere ; whereas the 'at- 
mosphere is constantly receiving solar rays which possess 
some if not all the properties of electric matter. Ibere are 
so many points of resemblance, if not identity, between the 
phenomena respectively ascribed to light, caloric, and electri- 
city, that much fewer difficulties will probably be found to 
attend the hypotheses that they are l)ut diflerent effectSr^ 
arising from one common cause or source, than from the •on- 
clusion that they are produced by so many distinct, yet all- 
pervading, fluids. If the ball of a thermometer be electrified, 
by first moistening it for an exterior coating, while tlje in- 
terior coating is formed by the mercury, a stream^of light vdll 
shoot through the vacuum to the summit of the lube, shoeing 
that the .fluid is essentially luiuimnis. Is it not then essentially 
the same with light, and does not the latter possess eleclVical 
properties in common with the former? If this be admitted, 
it appears to me that vegetation, through every stage of its 
progress, from the germinating seed to the foil grown and 
perfected plant,* whl be found admirably to accord with such 
influences from the sun, whether by his direct rays, or through 
the instrumentality of the air and vapours. 

The several varieties of form and, properties to which 
plants are subjected in their prog)*ess, seem adapted to cor- 
responding electric influences from the respective elements.* 

* I venture to use the old terih, not having a better, to designate 
the principal divisions of our atmosphere, though two of them are 
now well known to be compound bodies. 
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Thufi the seed in the loosened soil, the jlbinted germ issuing 
from its* surface, and the bud on the branehing tree, appear 
peculiarly tittjd by their acute rigidVextremities to receive the 
exciting influences of an electrified /lir, which, by its gradual 
swell’ and agitated movements, in f he early spring season, 
presses agaihst J hem continually in successive eddies, con- 
veying to ea^df of them some of its electric matter. It appears 
to me tjjat tliis siyiple principle, in conjunction with an 
occasiorihl supply of the saihe fluid from vapours, together 
with their moisture, will in a considerable degree account for 
the first excitement and germination of plants ; especially 
when it is considered that every preparation seems made for 
adapting the atmosphere thus to act on Ihe embryo plants at 
* tills season. Freed from vapours by the condensing effects of 
cofd in the preceding winter, it is now in a peculiar state of 
dryness ; and now’ the glancing rays f)f the sun accumulate in 
it* and render it strongly electrical. This accumulation must 
be much favoured by the absence of foliage in the larger and 
more vigorous parts of the vegetable kingdom at this crisis ; 
for the transpiration of moisture from the expanded leaf neu- 
tralizes myriads of solar rays, and charges the atmosphere 
with vapours; but, in consequence of the whole class of 
indigenous plants presenting nothing but minute buds from 
their ramifying branches, no rays are neutralized, and no 
^"apours are formed, from them. Consequently ^1 those rays, 
wliich would otherwise have been thus neutralized, are left 
floating electrically in the pure air, or entering it^ pores in 
small portions, serye a little to r^se its temperature and 
swell jts volufne, and so to aid the general effect. 

'4'hat the'rays of the sun entering the atmosphere at this 
season, at acute angles with the earth, must tend considerably 
to cause them to lodge and accumulate in the strate above 
ill the form of electricity seems e^rident in itself, and to 
receive confirmation from the very li^rge accumulations of it 
in the polar regions at the periods when the sun is at his 
greatest distances from tlie zenith of the respective poles ; 
for to wdiat more probable cause can these* agfeeable and 
welcome lights be ascribed, but to a very l^rge portion 
of the alnmsi parallel rays resting in the higher and more 
attenuated regions qf the afmosphere in those quarters; 
and thus in some degree ad^iinislering the several benefits of 
light, warmth, and electricity, to those otherwise deserted 
parts of the gl(fl)e \ But we are iK)t left to conjecture as to 
the fad, Mr. Slairgeon having’ generously informed me, as 
the result of his numerous atmospherical experiments, that 
Hie strongest electricity exists in the air at this season, and 

> *8 2 

TTtiarnara ® 
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under the influence of those cold drying winds by which it is 
distinguished : and this is in entire conformity with the 
observations I ha^e occasionally made. The following ex- 
periment will tend to show its influence on vegetation. 

On the 28th of April I^^owed mustard seed in similar soils, 
contained in two jars, one electrified positively, the other 
negatively. The covers being removed tlfey weje both left 
open to the action of the atmosphere. In/our days the plants 
appeared in both jars, but thoSe in the negative ^r were 
the most advanced; while no plants appeared till about two 
days later from a< similar sowing at the same time, uiielectri- 
fied. On the 12th of May the plants in the negative jar had 
grown to inches, those in the positive jar to 2^ inches, in 
height ; those uiielectrified rather remaining in the ordinary 
state to 1^ inch. I'hc electrified plants were vigorous and 
flourishing in proportion to their height. This result in 
favour of the plants negatively electrified Qiust nave arisen 
chiefly from the relative superiority of electric matter in the 
atmosphere ; in the case of those positively electrified the 
absolute quantity was increased, but the relative difference 
between those and the atmosphere somewhat reversed. Hence 
it appears that, while much depends on electric influence, its 
positive state in the atmosphere as contrasted with the soil 
operates most effectually on vegetation. The difference of 
more than half in height in favour of the former, above those^ 
in the. natural state, strongly encourages the conclusion (hat 
the constant accessions of electric fluid in the atmosphere 
at the spring of vegetation constitutes its influence, and that 
on the degrees of that influence depends in a great mpasure 
the rapidity and vigour of its rise and progress. ‘ A medical 
electrician, residing in this town, acquainted me wdth the 
following particulars : — A narcissus plant when in a very w^eak 
and languishing state bping placed in the room in which his 
powerful machine was kept in frequent action, soon began to 
show signs of extraordinary vigour ; it grew to the height of 
36 inches, and was stout and luxuriant in proportion. Some 
branches of the nibss rose, and various other flowers in the 
room, retained their colours while the seeds were forming, 
during about five weeks, and at length dropped»blF without 
losing their freshness. 'rhes6 and sojme other particulars 
which he related to me, on the correctness of which I have 
reason to rely, show the vast advantages that might be 
expected to result from a continued powerful electricity in the 
atmosphere, accompanied with a suitable temperature and 
dryness. If a plant can be made to expand to thrice its 
ordinary dimensions, by an artificial increase of positive elec- 
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tricity, and (hat in a confined situation, y^here the direct rays 
of the ^un could hardly exert their onlinary influence, how 
important niu&t he the operation of this principle, in propor- 
tion as it should seem, to the d(‘grees in which it obtains ! 
But it must he by the proper union^ol* its several properties of 
lif^ht, heat, , and electricity combinW, that its greatest and 
most salutary etiaeis on plants are produced; and accordingly 
l)y far tht? fichest and most copious productions of the vege- 
table kiifgdom are found in, those climes in which the solar 
beams aie most abiiijdanlly distributed. A very satisfactory 
proof of the eiectiic opeiaiion of those beams appears in the 
following extract Irom the Atlas, to which*I was referred by 
my valued friend and <!oadjutor, Mr. Weskes. “ h er the double 
purpose of ascertaining the power of spines in modifying 
tlie electric relation of the atmosphere and the earth, and in 
effecting the progress of vegetation ^^y their electric influence, 
lyi. Astier insulated a sextuple spine pf the gleditzia triacan- 
thos at the top df his house, and brought a wire to it from an 
insulated pot, in which were planted five grains of maize : a 
similar sowing was made in an uninsulated pot, for the purpose 
of (!omparison. The experiment continued from the 6th to 
the 20th of tJune, including two stormy days. The electro- 
meter gave considerable signs of electricity in the flower pot, 
and, by using the condensor, sparks "were produced. The 
electrified grains were found to pass more rapidly through the 
* first stages of vegetation. When Bengal-rose ttees w ere vsub- 
initted t(J the same experiment, the flowers of the electrified 
plant appeared more rapidly and more abundantly than in the 
other case.”^ • • 

frust i^ will have sufficiently appeared from the above 
statements that the commencing stages of vegetation are in 
a g1*eat degree caused or promoted by the influence of the 
eleolric fluid which is lodged in the dry air of our at mosphere 
at the season of germination. AdHitional evidence is, no 
doubt, highly desirable, and experiments of a more decisive 
and interesting character could easily be devised w ere t lie atten- 
tion of those who have good opportunilias of connecting the 
cultivation of plants with electrical inquiries more particularly 
directed tm the subject. With respect to my leading position 
of the superior conducting efficacy of vegetable points, and 
their extensive iiifiu^ce on atmospheric electricity, the most 
accurate scientific proof ifill be seen in the annexed very 
obliging and gdmirahle letter of Mr. Weekes. And I have 
only to add, on this head, that ohr correspondence took its 
rise from someliints he had received concerning my humble, 
J)ut I trust not unimportant, discovery, and the inferences I 
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was beginning to deduce from it. The ardour with which he , 
engaged in the inauiry will best appear from his own sfate- 
ments, from whicK I shall no longer suspend the attention of 
your readers ; only congra Alia ting them on his recent discovery 
of the decomposition of w? ter by vegetation, as related by him 
in the last Number buC one of these valuably Annals of 
Electricity ; a discovery which must form a most interesting 
addition to general science, as well as much' assist our 
researches into the principles of^vegetatien. 

f To be continued 


Sandwich, M3y31, 1>2^. 

Dear Sir, , 

Various circumstances have united to occasion a tedious 
delay in our correspondence since I last addressed you, and 
promised an investigation of your ingenious theory of electri- 
city. However, I find I have by no means had too much 
time for a fair and impartial examination of the subject, the 
interest of which, to me, has been such as to excite experi- 
ment far beyond my intentions at the outset. 'I’he final 
result in my mind is an entire conviction that your opinions 
are well founded, and have stood the test of the severest trials 
to which they could be subjected. I'he vast superiority 6f 
vegetable ovt.r metallic points in the di awing offand accumu-^ 
lating electric matter, is, I conceive, a subject of great interest 
and importance. A coated jar having 40 inches of metallic 
snrface was repeatedly ^ discharged by« the activity of a 
vegetable point in 4 min. 6sec. ; while the same.jar cbirged 
to the same degree, required 11 min. I S sec. to free it fr6m 
its electric contents by means of a metallic point: the pcinls 
in both cases being equidistant. I find also that Henett’s 
gold leaf electroscope delicate instrument) is powerfully 
affected by a charged jar, at the distance of nearly 7 feet, 
when the brass cap of the instrument is furnished with a 
branch of tl\e sbrub called hutcher^s broom, and which I have 
found of great use in my experiments. The same delicate 
instrument when mounted with pointed metallic wires is not 
perceptibly affected until the charged jar approaches to within 
2 feet of the cap. I must not think of tvoubling you with the 
details of all that I have been abo^t as regards this investiga- 
tion; but one circumstance has proved too j)leasing to be 
wholly omitted. ^ ' 

Let a, 6, c, fig. 1, Plate VI, represent a lafge street lamp 
tn an inverted position, mounted with a brass cap d, through 
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^ which passes a stout wire ef^ having a brass knol) at /, and a 
* pair'of small pith balls attached to the ^ire just above the 
knob. ^ is a portable stand with two metallic discs, one on 
each side of the wire and rising to a level with the pith balls. 
h is a small branch of the*butchcr’g broom fixed by a twine 
to the* upper extremity of the wir4 e f, 'J'his apparatus I 
hav^e for many w»ec;ks past had in almost daily use, nor can I 
exprctjS the^pfeasure it has afforded to myself and friends by 
its frequc^it indications of atmospheric electricity ; for, armed 
with your vegetable ^letectorSy it has shown symptoms of 
electricity by tlie passing of clouds at a great altitude, and 
under various otlnir circumstances in whirh electrometers 
with metallic points placed by its side gave no indications 
.whatever, ‘'I'liis appears to me so decided a proof of the 
superiority of vegetable conductors, that it admits of no con- 
tradiction. 

I'he correctness of your opinions ^•especting the influence 
of electricity upon the growth of plants, appears to me to be 
sufficiently proved by the following experiments. Two small 
flower pots filled w ith rich mould were taken for the purpose 
in doors. A few grains of mustard seed were sowed in each ; 
both were kept gently watered, but one pot was insulated 
and frequently electrified under circumstances which kept it, 
as it were, in an electrical atmosphere. The other pot had 
lift such attention shown to it, and the result proved what you 
•probably would anticipate. The vegetation of the electrified 
seeds appeared several days before the others, and continued 
afterwards to grow" with a much greater degree of vigour. As 
a lover of science y^ui can easily iiqjigine the pleasure these 
pursuits liav^e* yielded, and to this has succeeded an anxious 
de&ire that you should speedily assert your claims, or I appre- 
hend you will lose your just title to originality. I send you an 
extract which lately fell in my way ; the perusal ot •which I 
hope will put you on the alert. The^extract is from Taylor’s 

System of Philosophy,” in which the author has written a 
great deal of downright nonsense ; but still it appears he had 
somewhere obtained a glimpse of the same opinion by which 
you are animated on this subject. * * 

The lei^ves of plants act as so many spicula tp attract the 
electricity df the air and rays ; hence very high trees are 
so many natural conductors,* attracting a vast quantity of 
electric fluid, and, consequently, put forth a luxuriance of 
foliage proportionate thereto.” lievieiv of Books. Quarterly 
Journal of Seiknee^ October, 1S26. 

You see by th^se approaches towards your theory and facts, 
^ou ought to lose no time in securing the just praise of origin- 
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ality, to which you are doubtless entitled. My health being 
now perfectly restored I am very actively engaged, or I could 
willingly have written at greater length, but must conclude 
with saying, « 

, rl am, dear sir, 
i Very faithfully yours, 

W.*H. WEEKES. 


To Thomas Pine, Esq. 


t Woolwich, Dec. 2d, 1S32* 

My dear Sir, 

It is with a very g^eat deal of pleasure that I have refid 
your letter stating your intention of publishing your views on 
some of the most interesting phenomena of nature, and permit 
me to acknowledge that I feel much honour by your selecting 
my humble authority in giving assistance to your ellbrls ; 
and 1 can assure you that nothing shall be wanting on my 
part, as far as experience has enabled me to draw conclusions, 
to forward your very laudable object. 

In the first place, then, 1 perfectly agree with you, as to 
the solution of the results of Sir H. Davy’s experiments on 
corn; for the positive pole of a voltaic battery would su|)ply 
the animating electric fluid to the germinating seed in pie- 
cisely the same manner that nature supplies it from the 
atmosphere to the ground. As Sir Humphrey does not state 
from what experiments made on the atmosphere” he draw.s 
his conclusions “ that ^louds are usuajly negative,” I am 
unable to form any opinion respecting them. But I mqst beg 
permission to state, that such a conclusion is quite at variaiice 
with the results of my experiments. It is true 1 have obtained 
negative charges at the kite string, but the instances are very 
few indeed. Those which did occur were only whilst heavy 
clouds passed over the kite ; the indications, both before and 
after the clouds* transit, being invariably positive. And even 
in those temporary exhibitions of negative electricity, 1 am 
very far fibm concluding that the clouds themselves were 
negatively ejectric. The indications were those of the kite, 
which was floating much lower than the clouds and the air 
vicinal to the kite was con^equently.the only part of the 
atmosphere explored during each experiment, which air pro- 
bably became negative or deprived of most of its natural elec- 
tricity by the repulsive force of the accuhiulated electric 
matter in the positively charged clouds. This assertion can 
hardly be construed into “begging the question** or “strain- 
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ing^ point;” because such phenomena aj*e easily produced by 
experiment and must necessarily frequently occur in nature. 

To ascertain directly, the electric state of clouds, the kite 
ought to be iiftmersed immediately in those we wish to explore. 
No btujh experiments have yet bee^made. I am of opinion 
that my kites have been nearer to tht clouds than any hitherto 
employed for .experiments of this kind. Many experimenters 
have contented themselves with 400 or 500 yards of string, 
and othp?rs have drrfwn theii conclusions without employing 
any kite in their experiments, from experiments made with 
an apparatus not much longer nor very unlike an Angler’s 
Rod ! ! ! I’he results which I have obtaiiie& from about 300 
experiment^, at nearly all seasons of th& year, and at all times 
' of the day, and many at night, induce me to believe that the 
general electric state of the atmosphere, with its contained 
clouds, vapours, &c., is, with rel'ereqpe to the posithw. 

li'or, notwithstanding those very raija aberrations from the 
general results which I have noticed at the kite string during 
the transit of a fleeting cloud, they appear to me (in the way 
which I think they operate) to be favourable than otherwise 
to the conclusions at which I have arrived. Moreover, I find 
from experience, that bodies generally, when in, what is usually 
called, their natural electric state, have not an e(|uable dis- 
tribution of the electric matter on every part of their surfaces ; 
, but, on the contrary, that each individual body or substance, 
whfn in this, its natural statCy exhibits differenl electric ten- 
sions on various parts of its surface. So it is in the atmos- 
phere, that at dili'erent times, and at different altitudes at the 
same time, (JiflereiA electric tensioift are exhibited. 

^All electrical phenomena are relative^ and consequently all 
our calculations respecting them, have no other basis but the 
ever varying degrees of those relations. But, notwutlistanding 
the •variations in the extent or degrees of those relations, the 
relations themselves appear to be* constant and uniform. 
Therefore I conclude generally (and my conclusions are from 
direct experiments) that the atmosphere, taken as a whole, is 
constantly in an electro-positive state wkh reference to the 
earth ; and that in the atmosphere itself, the upper regions 
are constantly eleclro-jiositive with reference* to all those 
situated nearer to the surfacetof the earth. The strata of air 
near to the earth’s slirface are therefore in an intermediate 
state of electricity with reference to the upper strata and the 
body of the eegrth, the earth itself being negative to the w^hole. 

These results, my dear sir, aye, in my opinion, of a very 
decisive character ; and if you deem them of suflicient im- 
f>ortance to be taken into consideration whilst framing your 
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theory of electro vegetation (pardon me for inverting the term 
‘‘ vegetable electricity they are quite at your service ; and 
if you are desirous*of stating the authority, you are perfectly 
at liberty to do so. » 

Whilst writing this letter (between six and seven in the 
evening) a tremendous thunderstorm passed ove^r this place. 
Half an hour before, the sky was quite cleax, the moon and 
stars shone with great lustre. 

I am, Dear Sir, 

With very^great respect, 

Yours very truly, 

W. STURGEON. 

To Thomas Pine, E^. 


XXXIV. On the Colours of Mixed Plates. Bij Siii David 
Brewster, K.G.H, FJt.S* 

Received October 25, — Read December 14, 1837. 

The colours of mixed plates were discovered by Dr. Tho- 
mas Young, t and described in the Philosophical Transactions 
for 1802. He produced them by interposing small portions 
of water, or butter, or tallow between two plates of glass, or 
two object glasses pressed together so as to give the ordinary 
colours of thin plates. In this way portions or cavities of air 
were surrouruled with water, butter, or tallow ; and on look- 
ing through this combination of media he saw fringes or rings 
of colour six times larger than those of thin plates that would 
have been produced had air alone been interposed between 
the glasses. These fringes or rings of colour were set-n by 
the direct light of a candle, and began from a white cenlre 
like those produced by transmission ; but on the dark space 
next the edge of the plate. Dr. Young observed another set 
of fringes or rings, complementary to the first, and beginning 
from a black centre like those produced by reflection. This 
last set of colours was always brighter than the first. 

The follqjviiig is Dr. Young’s explanation of these two 
series of colours. 

In order to understand,” says he, this ciriBumstance, 
we must consider that where dark object is placed behind 
the glasses, the whole of the light whidh comes to the eye is 

♦ From the Transactions of the Royal Society ^r 1838. 

+ Since this paper was written 1 find that this class of colours 
was discovered by M. Mazeas, and that his Experiments were 
repeated and varied by M. Dutour. 
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. either refracted through the edges of the drops, or reflected 
froirTthe internal surface ; while the light which passes through 
those parts which are on the side opposite ^o the dark object 
consists of raiys refracted as before through the edges, or 
simply passing through the* fluid. The respective combina- 
tions of these portions of light exhH)it a series of colours of 
different orders,* since the internal reflection modifies the 
interference*of the rays on the dark side of the object, in the 
same m^ner as in the commpn colours of thin plates seen by 
reflection. When no^ark object is near, both these series 
of colours are produced at once ; and since they are always of 
an opposite nature at any given thickness*of a plate, they 
neutralize each other and constitute white light.”* 

, Jn so far hs I know, these observations have not been re- 
peated by any other philosopher; and subsequent authors 
have only copied Dr. Young’s descrmtion of the phenomena 
and acquiesced in his explanation of them. In taking up this 
subject I never doubted the accuracy or the generality of the 
results obtained by so distinguished a philosopher. I was 
induced to study the phenomena of mixed plates as auxiliary 
to a more general inquiry ; and having observed new pheno- 
mena of colour in mineral bodies, which have the same origin 
as those of mixed plates, and which lead to conclusions dif- 
ferent from those of Dr. Young, 1 am anxious that they 
should be described in the same work which contains his ori- 
*ginal o])servations. • 

iTavingexperienredconsiderabledifficultyin obtaining satis- 
factory specimens of the colours of mixed plates by*using the 
substancesein^iloyedby Dr. Young, 1 sought for a method of pro- 
ducing them which should be at once easy and infallible in its 
effects. With this view I tried transparent soap, and whipped 
crcain, which gave tolerably good results : but I obtained the 
best .effect by using the white of an egg beat up into froth. 
To obtain a proper film of this substance I place a small 
quantity between the two glasses, and having pressed it out 
into a film I separate the glasses, and by holding them near 
the fire I drive off a little of the superfluous ipoisture. The 
two glasses are again placed in contact, and wnen pressed 
together so as to produce the coloured fringes or rings, they 
are then kept in their phoe either by screws or by wax, and 
may be preserved for finy length of time. 


* Philosophical Transactions, 1802.' Dr. Young republished the 
same explanatioif of mixed plates in 1807 in his Elements of Na- 
tural Philosophy. See vol. i. p. 470, 787 ; vol ii. 635, 680. 
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If we now examine with a magnifier of small power the 
thin film of alhuii^en, we bhall find that it contains tliou^sands 
of cavities exactly resembling the strata of cavities which 1 
have described as occurring in topaz, quartz, siilplmto of lime 
and other minerals:* a^d if we look through the film at the 
margin of the flame of a candle, we shall perceive the two 
sets of colours described by Dr. Young; the one upon the 
luminous edge of the flame, and the other on the dark space 
contiguous to it. The first war shall call the direct^ and the 
second, which are always the brightest, the complementary 
fringes. 

If we apply a* higher magnifying power to the albuminous 
films, and bring the edge of one of the cavities to the mar- 
gin of the flame, we shall perceive that both the direct and* 
the complementary colours are formed at the very edge, the 
complementary ones appearing just when the direct ones have 
disappeared, by the wdhdrawal of the edge Irom the flame. 

As the colours therefore are produced solely by the edges 
of the cavities, their intensity must, cceteris paribus^ depend 
on the smallness of the cavities, or the number of edges 
which occur iu^ given space. When we succeed in forming 
an uniform film in which the cavities are like a number of 
minute points, the phenomena are peculiarly splendid and we 
are enabled to study them with greater facility. When the 
edges of these cavities are seen l)y an achromatic microscope, 
and in dlrec^t light, neither the direct nor the complementary 
colours aj*e visible ; but if we gradually withdraw the lens 
from ihe cavities a series of beautiful phenomena appear. 
When the vision first becJbmes indistinct l/bth the direct and the 
complementary colours appear at the same time, spdck^ of 
the complementary red alternating with brighter specks of 
the direct green light. By increasing the distance of the 
lens from the cavities, the complementary specks becon>e less 
and less visible, and w^ see only the direct green light. 

In order to study these phenomena by observing the action 
of a single edge upon light, and to ascertain the efiect of an 
edge when*there were no prismatic edges to refract, and no 
internal surface to reflect light, I conceived the idea of im- 
mersing thfai plates of a solid substance in a fluid of such a 
refractive power, that the thickness of the plates should be 
virtually reduced to the same decree of thinness as the film of 
albumen between the plates of glass. The new substance 
described by Mr. Horner^t and which I shall call nacrite^ 

• » 

* Edin. Trans, vol. x. Part I. 407. 

f Philosophical Transactions, 1836, p. 49. 
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•furnmhed me with the moans of performing this experiment. 
^ I accordingly inclosed the thinnest films o£ it between two 
plates of glass containing balsam of capivi ; and I had the 
satisfaction of observing that the bounding edge of the plate 
and tKe^fluid produced the identical dtr*ect and complementary 
colours above de^icribed. 

The boupfling edge which I selected for observation gave 
a bright green for tjje direct, and a bright red for the com- 
plemmKtry tint. This edge appeared as a narrow distinct 
black line, exceeding!/ well defined, and of a uniform breadth 
like the finest micrometer wire. It consequently obstructed 
the incident light and produced the phenomena of diffracted 
fringes. Thase fringes, however, were modified by the pecu* 
♦liar circumstances under which they were produced, and ex- 
hibited in their tints both the direct and complementary 
colours under consideration. • 

•When the diffracted fringes are vie^fed in candle-light by 
a lens placed at a greater distance from the diffracting edge 
than its principal focus, the middle of the system of fringes 
corresponding to the diffracted shadow of a fibre is occupied 
with the direct tint, which we shall suppose to be green ; and 
on each side of this green shadow, as we may call it, we ob- 
serve very faintly the complementary red tinging what are 
cailed the two first exterior fringes. I'his tinge of red is 
strongest in the first fringe wdthin the solid edg|», or within 
the green shadow, while it is yelloivish in the first fringe 
without the green shadow. These effects are inverted if we 
place the lens nearer to the edge than its principal focus. 

Th^ phenomena now described appear more distinct if we 
take an extremely narrow piece of nacrite, having its two 
edgq^ nearly in contact, and transmitting only a narrow line 
of light. In this case the tw'o red fringes within the solid 
edgelinite their tints, and becoine a bright red ; and in like 
manner if we place the lens nearer the solid edges than its 
principal focus, the two yellow fringes w ill unite their tints, 
and become a brighter yellow band. In this last case, when 
^ the two bc'-iiding edges are still nearer each otlierj the united 
fringes, in ^lace of being yellow, will be green, or^lhe same as 
the direct colour. , 

If we briiig the edges pf twopirtjes of nacrite of equal thickness 
very near #ach other, having^ as fi;rmeily, green for the direct, 
and red for the complementary colour, the space between the 
edges, or between the green bands, will be faint red when the 
lens is 'nearer the edges than its principal focus, and yellow 
when it is further from them ; but if the edges are brought 
sCill nearer, the faint red will become brighter, and the united 
green bunds will take the place of the yellow one. 
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surface. The edges of these grains, by retarding the Jjght 
which they transi^it, produce the direct and complejnentary 
colours of mixed p\ates in the most perfect manner, the tints 
passing through two orders of coloi^rs, as the graftis of titanium 
increase in size towards! the interior of the irregular, patch. 
I have observed another example of these colours in the 4eep 
cavities of topaz, from which the fluids hsf^^e either eseaped, 
leaving one or both of the surfaces covered with*minute par- 
ticles of transparent matter, or in which tile fluids ha\Vsufiered 
induration. • 

Allerly by Melrose, 

October \6th, 1837. 

• _ 


XXXV. Sparks obtamed from the secondary coil after the 
current being made Xo pass through water. In a better Jo 
the Editor, By W. H. Halse, Esq. 

Sir, 

There is a fact connected with voltaic electricity which I 
believe has never as yet been published, and as it proves the 
intensity of the secondary current in a remarkable manner 
perhaps you may think this letter worthy a place in your next 
number of the Annals.” 

It is well "known that if we separate the two extremities of 
the secoiylary coil at the same moment that one of the primary 
wires of a shock apparatus is disconnected with the battery, 
that a spark will be visible on the secomlary wire as well as 
on the primary wire, but in this case metallic^ contacUof the 
secondary taires has hitherto been considered necessary to 
produce the effect. During a course of experiments in w hich 
I have lately been engaged, I imagined that the secondary 
current was sufficiently intense to give a spark after passing 
through water containing a very minute portion of common 
salt. I accordingly put my revolving apparatus to work using 
only one pair of cylinders both for causing the revolutions, 
shocks, and sparks. I then placed one end of the secondary • 
wire in a glass of watej, and about one inch from it I placed 
a file in a perpendicular positipn ; the other end of the secon- 
dary coil I drew up and down this file.* The revolving^ appa- 
ratus was going at the rate of 9011 rounds per minute and gave 
two shocks each revolution. Immediately l^touched the file 
with the secondary wire 1 observed a spark, and ,by con- 
tinuing the motion of the urire on the file Ihbtained them by 
scores. Those who are not in possession of a revolving apjja- 
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ratus or a contact breaker may perform the experiment in the 
following manner: affix to one of the plates of * the battery a 
Ale, and to the other plate affix one end of primary wire 
coil ; then itjjsert one end cf the secondary coil in a glass of 
water containing a very small quantity of common salt or 
sulpfiifric acid, and place a file in (be same glass about one 
inch distant fi-Qjn the immersed wire. Now let an assistant 
draw the oth^ encl of the prifOaty wire across the file attached 
to the battery, whil|t the operator draws the other end of the 
sexondSry wire across the Ary part of the file in the glass. 
Sparks will soon be^perceived on this latter file and a por^ 
tion of the water trill be decomposed. Bj keepii^ the file 
and the wire one inch or more distant from each other in the 
water, it is«evident that the current ha^ to pass through that 
space of water previous to obtaining the spark, thereby proving 

THAT METALLIC CONTACT OF THE SECONDARY WIRES NOT 
TO BE NECESSARY. I have DO doubt that a spark could be 
tiaken after the current passing through one’s body ; but this 
experiment I do not like to try, neither can I get any of my 
frien<ls to try it, my shock apparatus being very powerful. 
The battery I used was composed of cylinders immersed in a 
two quart pot, sulphate of copper being in contact with the 
copper, and a solution of common salt in contact with the 
zinc. 

• The size of the spark is much increased by increasing the 
* number of cylinders which perhaps is unnecessary for me to 
mention. With ten pairs I have obtained very brilliant sparks. 
W'heu the spark is to be produced from one pair Ihe experi- 
ment should be performed in the dark. If these few lines 
should meet ^'our approbation sufficient for their insertion you 
sliall again hear from me, having several things to communi- 
cate which 1 believe would prove interesting to your readers; 
{larticularly a method how to increase the intensiJty of the 
coils, and also a now theory to explain why a small pair of 
plates, introduced into a circle, brings the action of the whole 
battery to that standard, De la Rives explanation of it being 
in my opinion unsatisfactory. Can you recommend me a 
recently published work which treats principaHy of the physio- 
logical eiiects of electricity. 

*• , I am. Sir, 

• Yours respectfully, 

^ WILLIAM H. HALSE. 

lirent, near Ashburton^ 

Noe. 27//i,*lK3l). 


VoL. IV. — No. 22, /flw Mary, 1840. 
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XXXVI. An Account of some experiments made for ^the 
purpose of ascertaining how far Voltaic Electricity may 
be useful^ applied to the purpose of working in metal. 
By Mr. Thomas Spe^^er. 

Prefatory. 

• * 

Having made known, about three months ago, -at a meet- 
ing of the Liverpool Polytechnic^ Society^ that I int^ded to 
have brought the subject of the following paper beitorc the 
British Association at its Birmingham meeting, I deem it a 
duty I owe myself, — and perhaps the public, — to state the 
reasons why I have npt done so. 

About a month previous to the meeting, I wrbte to Pro- , 
fessor Phillips, the general secretary, informing him of thjs, 
and two other papers I was desirous of laying before the As- 
sociation at its next meeting, and requesting to know what 
forms were necessary to* enable me to do so. 

T received a very obliging answer in return, intimating 
that two of my papers would be read at the Chemical Section ; 
but the one which is the subject of the following paper would 
be read at the Mechanical one, as it was deemed a portion of 
the process related to that science; also, that in the event of 
my non-attendance they would be read in my absence, by 
forwarding them to the secretaries of the diflerent sections, 
as he would make notes to that effect. 

Nothing could be more satisfactory. I, however, went to 
Birmingham on the Monday of the week of meeting, and 
immediately paid my suUscription for the ensuing year, which 
entitled me to all the privileges of a member,— ihcjluding that 
of reading papers, if so disposed. * 

Having satisfactorily completed my business at the Chemi- 
cal Section, I at once proceeded to the Shakspeare Rooms, 
where the Mechanical otie held its meetings, ana inquireS for 
the secretary. I was shown to a Mr. Carpmall. After inti- 
mating my business I inquired when I should be called on, 
that I might be in readiness. I was told that a note had 
already been made of it, and to hold myself in readiness on 
Thursafty morning, as my paper would be calle^l on first. 
With this I was perfectly satisfied; but on Wedn^ay, when 
the papers for the following day, as is usual, were announced, 

I could not find my name or paperdn the list. I at once ad- 
dressed a note to the secretary, thinking he had forgotten our 
previous arrangement and reminding Jiim of It. I attended 
next morning at the appointed time, prepared, if called on ; 
but on entering the committee-room, I was informed by 
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NIf . Carpmall that my paper could not. be brought forward, 
giving as a reason, that I was quite unknown.” On asking 
what tnis meant, I was told that I was a*man of no scientific • 
reputation, %nd more especially unknown to himself and the 
acting president of the section^ Dn Lardner; also, that there 
were so many important papers to be brought forward by men 
of acknowledged reputation, that there was no chance for 
me.* • 

Wh^ the sectiofn had dosed its labours for the day, seeing 
Dr. Lardner in the room, I mentioned to him, as president 
of the section, the arrangements that had been entered into 
with me by the secretary respecting my {)aper. IJefore he 
heard more than a few words, he told me he had nothing 
whatever to do with it, and haughtily turned away, adding 
.something about valuable time. 

Under these circumstances I cquld not bring forward the 
j:)apcr: but, had it not been for thp unavoidable absence of 
Professor Piiillips, I am quite sure the engagements entered 
into with me would have been kept. 

Ill conclusion I may add, I can find no fault with arrange- 
ments that might be made by any Society to select such sub- 
jects as a Committee might deem proper to be laid before its 
members and the public, as otherwise much valuable time is 
often likely to be lost, — it requiring no small portion of scien- 
tific learning to be acquainted with all that has been done on 
ni^ost subjects, and without this knowledge we* are too apt to 
stumble on what may have been years before the public. But 
in the instance I have related, neither the Committee nor 
Secretary were awnre of the views i had taken of the subject 
I WHS desirous of illustrating, as they never once asked to 
look over my paper. Had they done so, it would have been 
aPtheir service. ^ 

It is two years since I began to experimentalize on this 
subject. I then made mention of tt to a few friends, (some 
of whom are connected with the public press in Liverpool,) 
but strictly enjoined them not to make it public until the ex- • 
periments were matured. At the same.time I,showed some 
results obtained by this process. About four months ago a 

* I may state that on the day 4ii question, a gentleman was allowed 
to occupy the section by a description of tlie method he had adopted 
to cure his cliiinney from siuoking. 1 mention this, — notliecause it 
was uniniportmit,*— but because it had not even been announced. The 
allegod reason was that the section were on the subject of smoky 
chimneys. HoWfever, I concluded he was a man of known scientific 
reputation, — although 1 have since forgotten his iiaiue. 

T2 
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paragraph appeared in, the Athenceijm, stating that Professor 
Jacobi, of St. Petersburgh, had received a grant of iponey 
« from the Emperor, to enable him to make experiments on 
engraving by galvanism, as he had been enabled to preserve 
fine lines in relief by this principle.**! accordingly conclydcd 
that he was engaged in experiments analagous to my own,: 
but having gone much farther than merely producing lines in 
relief, I at once made it public, and showed specimftris of the 
results I bad obtained in differeni; experifhents. — THW* was 
done at a meeting of the Liverpool Polytechnic Society ; 
some of the members of which the?i spoke to their knowledge 
of my having been Engaged on this subject for a considerable 
period. * ^ 

I am not aware that Professor Jacobi has made his process in 
any way public: but if I am to judge from some specimens I 
saw a few days ago in liirQiingham, in the model room, pro- 
duced by it, I should be inclined to think that he has made, 
small progress in this subject, — one of the specimens being a 
plate of copper precipitated on another, which he has been 
unable to get off ; the printed description stating that/^lhrough 
some particular circumstance they adhere together.” It w ill 
be seen, in the course of the following experiments, that I early 
arrived at this point which has also been easily and completely 
surmounted, t 

I entertain no very sanguine notions as to the future gene- 
ral application of this method of operating upon the metajs 
more espec^lly copper. This must be entirely left to the 
practical engraver and printer. 

r , • 

* See a notice of Jacobi’s experiments at p. 507, v^l. 3, of Ijiese 
Annals. Edit. * • 

+ I cannot help finding some fault with the mode adopted by die 
professor (cr, it may be, injudicious friends), of autiouiicinghis ins- 
coveries. About twelve months ago, I imagined that 1 had dis- 
covered a method of obviating, by simple means, the great difficulty 
in the construction of electro- magnetic Eagines ; but, on seeing seve- 
* ral paragraphs from time to time in the newspapers, professing to 
be copied from letters^ received from St Petersburgh, stating that 
Dr. Jacobi had succeeded in constructing engines of considerable 
power, on this principle, 1 at once gave up my researches on the 
subject, thinking the thing already done.* It is only a 4ew weeks 
since a statement appeared (in a LiVbrpool paper,— on the authority 
of a letter receivea oy Professor Wheatstone from Di«. Jacobi,) that 
he had an electro-magnetic machine, of forty-horse power, at work 
on the Neva ; but, since, it appears another letter* states he had 
hoped only to have such an engine by this •period,^ and still ‘hopes 
by next year to accomplish his object — but has not as yet succeeded 
with one of three-horse |x>wer. , 
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• The question with them will be, — it cheaper and better 
lliaii the nietluids in common use t It may now be answered 
— (jive it^ fair trial: the way is pointed out —practice ill * 
no. doubt enable you to improve iu)on the methods which sug- 
gested themselves during the experimental investigation de- 
tailed in the following pages, and most probably may realise 
an extwidcfd field oi practical utility for the peculiar mode 
of oijj^iation w hich has been the result. 

I leel assured, ho^vever, That, in the arcana of many trades 
aiivl branches of art, this process will be found an impoitant 
addition — supplying as it does a means oj producing a cast, 
or a die, in hard metal, without the agency of heat or pres- 
sure ^ and in extreme perfection and well-defined sharpness. 
Nor, (I need hardly observe) is its application confined to 
copper only. 

Jn addition to the applicability (Jf this process, in procuring 

* exact fac similes of coins^ or mt^dals, with all the lineal 
sharpness of the original, perfect copies may be obtained of 
bronzed figures ; nor do they require chasing when taken out 
— nor do I apprehend inconvenient limitation as regards their 
size. 

Assuming it to be advantageous to publishers of music to 
have (heir plates in reliefs by this process they will be 

• enabled, in the original engraving, to have them so. 

1 have seen nothing in wood engraving that might not be 
produced in copper, in relief, by this means ; the chemical 
plates might, possibly, require retouching to a Small extent, 
l)ut, with careful manipulation, twenty or thirty such plates 
might be ttfken from one mould. 

• I may mention that the advantage of being able to produce 
a^iven effect from a plate in relief w^ould be very considerable, 
as ten printed impressions may frequenily be taken, in the 
tiine occupied in producing one ,by the ordinary method 
from a copper-plate. Plates in relief mi^ht also frequently 
1)0 printed oft* in the body of the work — which, in point, 
of economy, would be a very considerable advantage. 

In the formation of that importaTft Implieinent in the 
manufacture of printing types — the matrix or mould, — 
advantages in the adoption of this operation appear to present 
themselves. And^ I am Assured by the printers of this 
pamphlet, that it gives ^ir promise to supply several impor- 
tant desiderata in the art of printing, and in its attendant 
operations,— ^lore particularly in the stereotype process. 

Ingenerahr-l fee^ convinced that it exhibits many pro- 
mising indications of utility, should no obstacles in apocuiii- 
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ary point of view present themselves, on occasion of atteinii<s 
to extend the application of the discovery. 

* In the following paper I have detailed a few of the most 
illustrative experiments made during the investigation, trust- 
ing that they might be foiftiQ interesting, not only to the gene- 
ral reader, as illustrating the progress of discovery, but to the 
future experimentalist, in pointing out ]to him the, methods 
that have best succeeded, as well as those he ought t(j avoid. 
In all cases I deem details of cheii/ical experiments essefftially 
necessary ; as one appare7il trifle omittea, is more than likely 
to retard the laboiys of the future practitioner. 

Having made many experiments on a larger scale than 
those detailed, since waiting the following paper, !• shall, at 
its conclusion, detail the methods to be adopted under 
different circumstances. 

First : — 7b engrave in relief on a plate of copper. 

Second : — To deposit a voltaic copper-plate^ having the* 
lines in relief. 

Third ; — To obtain a fac-sbnile of a medal (reverse or 
obverse or of a bronze cast. 

Fourth : — To obtam a voltaic impression from jdaster or 
clay. 

Lastly : — A method of multiplying the number of already 
engraved copper-plates. This last promises to he of va.st, 
import, — more^ especially in the Potteries, as there they 
require, in many instances, eight or ten copper-plates of ^a 
similar pattern. By the method I shall point out, I can see 
no reason why they should not be able to multiply them ad, 
infinitum. • * » 

I shall also give some rules for the management of*thv 
apparatus, which my experience of the process has suggested. 

When L have done this, I shall then have laid before tlie 
public the result of many an anxious— and, I may add, 
pleasant— hour : each experiment requiring a considerable 
lapse of time for its development ; but when attended with 

* success— no words of mine can convey the pleasurable feel- 
ings coupled with such a result. 

1 have been led on, by the fond hope that the present 
simple discovery may be the foun^tion of a vast^ structure 
of Synthetic Chemistry, which ^is perhaps destined, (at no 
distant date), to imitate, for the uses oi humanity, all the 
most wonderful, but apparently complicated, elaborations of 
Nature, • 
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PAPER. 

Notice given May the Sth — read September the 12/A, 1839 . 

• IIenry lioorn, Esq. PresMbntfin the Chair. 

1 n tlio piiper 1 Have now the honour to lay before the Society, 
I do 110)^ [U'ojcss to Jiave brought forward a perfect invention. 
My oi!?y ol)ject is to noint 6ut a means by which, 1 hope, 
practical men may ulumately be enabled to apply a great and 
universal principle of nature to the usefu^ and ornamental 
purposes of life. Iii this 1 may be considered sanguine, — an 
error, 1 am aware, too often fallen iiitb by those, who, like 
m3 sell, imagine they have discovered an useful application of 
aA important principle ; but however this may fall out, I now 
proceed to lay an account of its lesults, successful and unsuc- 
cessful, before the members and ^the public, — ^previously 
staling, however, that all my first experiments were made on 
a small scale ; a method of procedure attended with many ad- 
vantages to the experimentalist himself, but having its dis- 
advantage when laid before the public. In this first respect, 
the chemical experimenter has a decided advantage over the 
mechanical one ; the success of his experiment, when tried 
on a small scale, doubly guarantees its success, if conducted 
on a still larger — with mechanical results I believe in most 
instances it is'the reverse. But, when the chemist produces 
his microscopic proofs, the public are generally slow to believe 
that such minute anpearances should warrant him in coining 
to an^ genewil conclusion. • 

• In September, 1837 , 1 was induced lo try some experiments 
in Electro-chemistry, with a single pair of plates, consisting 
of a small piece of zinc and an equal sized piece of copper, 
connected together with a wire of the Matter metal. It was 
intended that the action should be slow^ ; the fluids in w^hich 
the metallic electrodes were immersed wefe in consequence 
separated by a thick disc of plaster of paris. In one of the 
cells was sulphate of copper in solution, in the other a weak 
solution of common salt. ^1 need scarcely add that the copper 
electrode was placed in the cupreous solution. 1 mention this 
experiment, briefly, — not because it is directly connected with 
what I shall have to*lay before the Society, but because, by a 

r irtion of its results, I wa 3 induced to come to the conclusions 
have done in the following paper.* 1 was desirous that no 

t 

* The experinient liere alluded to was to determine a most im- 
43ortant point — and as it has an intimate connexion with the future 
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action should take ptace on the wire by which the clectrcrfles 
were held togetherf To obtain this object I varnishcd*it with 
sealing-wax varnish : —but, in so doing, I dropped a portion 
of it on the copper that was attached. I thought nothing of 
this circumstance at the fiioment, but put the experiin'ent in 
action. ^ . 

The operation was conducted in a glass vessel*; •! had con- 
sequently an opportunity of occasionally examining •i^s pro- 
gress. When, after the lapse of* a few ^ays, metallic crystals 
had covered the copper electrode , — with the exception of that 
portion which had been spotted with the drops of varnish, I 
at once saw that I had it in my power to guide the metallic 
deposition in sny shape or form I chose, by a corresponding 
application of varnish, or other non-metallic substance. 

I had been long aware of what every one who uses a sus- 
taining galvanic battery*with sulphate of copper in solution 
must know, — that the eftpper plates acquire a coating of cop- 
per from the action of the battery ; but I had never thought 
of applying it to a useful purpose before. My first essay was 
with a piece of thin copper plate having about four inches of 
superfices, with an equal sized piece of zinc, connected together 
with a piece of copper wire. I gave the copper a coating of 
soft cement, consisting of bees' wax, resin, and a red earth — 
Indian or Calcutta red. The cement was compounded aftor 
the manner recommended by Dr. Faraday in his work on 
chemical manipulation ; but with a larger proportion of wax. 
The plate^ received its coating while hot. On cooling, I 
scratched the initials of my own name i;udely on the plate, 
taking special care that the cement was quite i^smoved^from 
the scratches, that the copper might be thoroughly exposc^I. 
This was put in action, in a cylindrical glass vessel about 
filled with a saturated solution of sulphate of copper. I then 
took a common gas similar to that used to envelope an 

application of the results detailed in this paper, I may be excused 
in oriefly alluding to it here. In fact no experiment can be made 
with any certainty, without keeping its results in view. 

In September, 1837, at the Liverpool meeting of the British 
Association, a* clever young demonstrator (Dr. Bird, />f London) 
asserted that in an experiment he had made, he had obtained crys- 
tals of pure copper without the Intervention bf a metallic nucleus to 
commence with. I doubted this at the time, as it was opposed to 
all former experience. However. I made several very careful ex- 
periments, following Dr. Bird’s plan in h}\ he stated; then varied 
them in order to give it every chance of success.* The result was 
that no metallic crystallization will take p/ace, unless a metallic or 
inetullife rolls nucleus be present. ' 
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^^rgalicl burner, and filled one end of it wiirh plastef of paris, 
* lo the depth of three-quarters of an inch, hi this I put some 
water, adding |i few crystals of sulphate of soda to excite 
action, the plaster of paris serving as a partition to separate 
the fluids, but sufficiently porous to allow the electro-chemical 
fluid* to permeate its substance. 

1 now bent* the wires in such a form that the zinc end of 
the arrangement should be in the saline solution, while the 
copper end should be ip the Cupreous one. The gas glass, 
with the wire, was then placed in the vessel containing the 
sulphate of copper. , 

It was then suffered to remain, and in a few hours I per- 
ceived that abtion had commenced, and {hat the portion of 
the <:;opper rendered bare by the scratches was coated with the 
])ui'c bright deposited metal, whilst all the surrounding portions 
were not at all acted on. I now saw Tny former observations 
realised; — but whether the deposition so formed would retain 
its hold on the plate, and whether it would be of sufficient 
solidity or strength to bear working if applied to a useful pur- 
pose, became questions which I now endeavoured to solve by 
experiment. 

It also became a question whether — should I be successful 
in these two points — I should be able to produce lines suffici- 
ently in relief to print from. This latter appeared to depend 
entirely on the nature of the cement or etching-ground I 
might use. 

This last I endeavoured to solve at once. Ani (I may 
state) this appeared tp be the principal difficulty ; as my own 
impression then was, that little less than one-eighth of an 
inch of relicr would be requisite. 

I then took a piece of copper, and gave it a coating of a 
modification’ of the cement I have already mentioned, to about 
one-eighth of an inch in thickness ; apd, with a steel point, 
endeavoured to draw lines in the form of net-work, that should 
entirely penetrate the cement, and leave the surface of the 
copper exposed, liut in this 1 experienced much difficulty, 
^ from the thickness I deemed it necessary to use ; more espe- 
cially, when I came to draw the cross lines of the net-work. 
When the cement was sof^, the lines were pushed as it were 
into each other ; and yhen it w^s made of harder texture, the 
intervening squares of the n^t-work chipped off the surface of 
the metallic plate. However, those that remained perfect I 
put in action as before. 

In the progress of this experiment, I discovered that the 
solidity of the metallic deposition depended entirely on the 
wtkikness or intensity of the electro-chemical action, which I 
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found I had in mypower to regulate at pleasure, hy the thick-* 
ness of the inteivening wall of plaster of paris, and by the « 
coarseness and fineness of the material. 1 made three similar 
experiments, altering the textur<» and thickness of the plaster 
each time, by which I hicertained that if the plaster partitions 
were thin and coarse, the metallic deposition proceeded -with 
great rapidity, but the crystals were friable easily sepa- 
rated ; on the other hand, if I made the partition tj^ickcr, and 
of a little finer material, the aeftion was much slowed and the 
metallic deposition was as solid and ductile as copper formed 
by the usual methods, — indeed, when the action was exceed- 
ingly slow, I have had a'metallic deposition apparently much 
harder than common sheet copper, but more brittle. 

There was one most important, (and, to me, discouraging)^ 
circumstance, attending these experiments, which was, that 
when I heated the plaites, to get off the covering of cement, 
the meshes of copper net-work invariably came off with it, 

1 at one time imagined this difficulty insuperable, as it ap- 
peared to me that I had cleared the cement entirely from the 
surface of the copper I meant to have exposed, — but that 
there was a difierence in the molecular arrangement of copper 
prepared by heat, and that prepared by voltaic action, which 

S revented their chemical combination. However, I then 
etermined, should this prove so, to turn it to account in 
another msyaner, which I shall relate in the second portion qf 
this paper. 

I then occupied myself for a considerable period in making 
experiments on this latter section of the subject. 

In one of them I fohnd, on examinalion, portion of the 
copper deposition, which I had been forming on the sifi-fa^e of 
a coin, adhered so strongly that I was quite unable to^et it 
off, — indeed, a chemical combination had apparently Taken 
place. This was only in one or two spots, on the prominent 
parts of the coin. I immediately recollected that on the day 
I put the experiment in action, I had been using nitric acid, 
for another puipose, on the table I was operating on, and that 
in all probability •the coin might have been laid down where a 
few drops of the acid had accidentally fallen. 1 then took a* 
piece of copper, coated it with cement, made a few scratches 
on its surface until the coppei^ appeared, and immersed it for 
a short time in dilute nitric acid, unlQ I perceived, by an 
elimination of nitrous gas, that the exposed portions were 
acted upon sufficiently to be slightly corroded. I then washed 
the copper in water, and put it in adlion as, before described. 
In forty-eight hours I examined it, and found the lines were 
entirely filled with copper. I applied heat, and then spirits 
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of turpentine, to get off the cement ; and, to my satisfaction, 

I found that the voltaic copper had completely combined 
itself with the sljeet on which it was deposited. 

1 then gave a plate a coating of cement, to a considerable 
thickness, and sent it to an engraver^ but when it was re- 
turned, I found the lines were cleared out so as to be wedge- 
shaped, or son;ewhat*in the form of a V, leaving a hair line 
of the copm^ exposed a| the bottom, and a broad space near 
the surfac?; and where the tufn of the letters took place, 
the top edges of the linel were galled and rendered rugged 
by the action of the graver. This, of course, lyas an impor- 
tant objection ; which I have since b^en able to remedy, in 
some respects^ by an alteration in the shape of the graver, 
Avbich should be made of a shape more resembling a narrow 
parallfelogram than those in common use, — some engravers 
have many of their tools so made. I did not put this plate in 
action, as I saw that the lines, when in relief, would have 
been broad at the top and narrow at the bottom. I took 
another plate, gave it a coating of the wax, and had it written 
on with a mere point. 1 deposited copper on the lines, and 
afterwards had it printed from* 

I now considered part of the difficulties removed: the 
principal one that yet remained was, to find a cement or 
(dching-ground, the texture of which should be capable of 
beyng cut to the required depth,t without raising (what is 
tijchnically termed) a burr^ and, at the same time, of sufficient 
toughness to adhere to the plate, when reduced to a small 
isolated point, which would necessarily occur in the operation 
which wood-engravers*term cross-hat cUing. 

1 trieef a number of experiments with different combinations 
of wax^ resins, varnishes, and earths, also with metallic oxides, 
— all with more or less success. > 

The t)ne combination that exceeded all the others in its tex- 
ture, having nearly every requisite (indTeed I was enabled to 
polish the surface nearly as smooth as a plate of glass), was 
principally composed of virgin wax, resin, and carbonate of 
lead — the white lead of the shops. 

• With this compound I had two plates, 5 inches by 7, 
coated over, apd portions of maps cut on the cemefft, which I 

• 

• 

* This plate was shown, and plso specimens of printing from it. 
f I have since learnt, from practical engravers, that much less 
relief is necessary, to print from, than I had deemed indispensihle; 
and that on becoming iiiore*familiar with the cutting of the wax- 
cernent, they would be enabled to engrave in it with great facility 
ari(li}>recision. 
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had intended shdnldhave been printed off and laid beftie tfie 
British Associfttion at its meeting. I applied th<f same pro^ 
cess, to these, as to others — dipping them* in dilute nitric 
acid before putting them in action : indeed 1 suffered.them to 
remain about ten mm&tes in the solution. I then put tiiem 
into the voltaic arrangement. The action proceeded, 'slowly 
and perfectly, for a few days, — when t renieved them. I 
then applied heat, as usual, to remova the cemen^^when all 
came away as in a former instance ; ^the voltaic copper peeling 
off the plate with the greatest facility. I was much pu/zled at 
this unexpected resuj^, but, on cleaning the p'.ate, 1 dis- 
covered a delicat^ tracing of lead^ exactly corresponding to 
the lines drawn on the cement previous to Ihe immerfi=ion 
in the dilute acid. The cause of this failure was at, once 
obvious; the carbonate of lead I had used to compound 
the etching-ground * had been decomposed by the dilute 
nitric acid, and the metallic lead thus set free had deposited 
itself on the exposed portions of the copper-plates, iireventing 
the voltaic copper from chemically combining with the sheet 
copper. I was now obliged with regret to give up this com- 
pound — although, under other circumstances, I have no doubt 
it may be rendered available. — I adopted another, consisting 
of bees’ wax, common whiling, resin, a small portion of gum, 
and plaster of paris. This seems to answer the purpose tole- 
rably — though I have no doubt, by an extended practice,' a 
better may still be obtained. 

1 110 ^ proceed to the second, and I believe the most satis- 
factory, portion of th| subject. Althojigh I have placed these 
experiments last, they were made simultatieously^with the 
others already described; but, to render the subject *inore * 
intelligible, I have placed them thus. • 

I bitve already stated that I was desirous of executing me- 
tallic ornaments by ihis means, in either cameo or intaglio ; 
but, being well aware of the apparent natural law which pre- 
vents metallic deposition by voltaic electricity, without the 
presence of a metallic body, 1 perceived, in consequence, its 
uses, if aaiy,*w<Juld be extremely limited, as, whatever orna- 
ment it might produce, it would only be by adhering to the 
condition* of a metallic mould. « • 

I accordingly determined*to make^my first experiment on a 
very prominent copper medal. ^ I placed it in a voltaic circuit 
as already described, and deposited a surface of copper on one 
of its sides to about the thickness of a shiiling. I then pro- 
ceeded to get the deposition off. In this 1 experienced some 
difficulty, but ultimately succeeded. On examination with a 
magnifying glass, I found every line was as perfect as theVoin 
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frojn which it was taken. 1 was then induced to use the 
same piece again, and let it remain a much longer time in 
&ction, that 1 might have a thicker and more substantial 
mould. I accoidingly put it again in action, and let it re- 
main until it hadacquired a much thieV^r coating of the me- 
tallic deposition ; but when I attempted to remove it from the 
medal, 1 found I ^ as unable. It had, apparently, completely 
adhered to it. • 

I hadoflA practised,»with son^e degree of success, a method 
of preventing the oxidation of polished steel, by slightly heat- 
ing it until it would melt virgin wax ; it was then wiped, 
apparently, completely off, — but the pores of the metal be- 
came impregnated with the wax. » 

thought of this method, and applied it to a copper coin. 

^ I first heated the piece, — applied wax — and then wiped it 
so completely off, that the sharpness of , the coin was not at 
all interfered with. I proceeded as before, and deposited a 
thick coaling of copper on its surface, after the lapse of a few 
days. When I wished to take it off, I applied the heat of a 
spirit-lamp to the back ; when a sharp crackling noise took 
place, ana I had the satisfaction of perceiving that the coin 
was completely loosened. In short, I had a most complete 
and perfect copper mould of a halfpenny. 

1 have since taken some impressions from the mould thus 
taken ; and, by adopting the above method with the wax, I 
gel them out with the greatest ease. • 

I was now of opinion that this latter method m^ht be 
ap})lied to engraving much better than the method described 
in the first portion of this pa])er. Keing aware that copper in 
^ a voItaic«circui.t deposited itself on lead with as much rapidity 
as on copper, I took a silver coin, and put it between two 
pieces df clean sheet lead, and placed them under a common 
screw pijess. From the softness of the lead, I had a complete 
and sharp mould of both sides of the ^oin. I then took a 
piece of copper wire, — soldered the lead to one end — and a 
piece of zinc to the other, and put them into the same voltaic 
arrangement I have already described. I did wq/, in this in- 
atance, wax the mould, as I felt assured that the deposited 
copper would easily separate from the lead, by the application 
of heat, — from* the different "expansibility of the two metals. 

In this result 1 was not disappomted. When the heat of a 
spirit-lamp was applied for a^few seconds to the lead, the 
copper impression fell easily off. So complete do I think this 
latter portion of flie sublet, that I have no hesitation in 
asserting that fac-Similcs of any coin or medal, no matter of 
wha^ size, may be readily taken, and as sharp as the original. 
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To further test t^e capabilities of this method, I took pieoe 
of lead plate, and stamped some letters on its surface to a 
depth sufficient to print from when in relief. I depositecf 
copper on it, and found it came^easily off. • 

1 now come to theiconclusion of my experiments* on this 
subject. As I stated at first, my object was to deposit a me- 
tallic surface on a model of clay, or other «o;^-pletallic body, — 
as, otherwise, I imagined the application of^this principle 
would be extremely limited. » 1 madef many exf^heiments to 
achieve this result, which I shall nofKletail, but content my- 
self with describing that which was ultimately the most 
successful. * 

I took two models of an ornament, one made of clay, and 
the other of plaster of paris ; soaked them for some time iji 
linseed oil ; took them out, and suffered them to dry-*-first ' 
getting the oil clean gff the surface. When dry, I gave them 
a thin coat of mastic varnish. When the varnish W£^s as 
nearly dry as possible — but not thoroughly so, I sprinkled 
some bronze powder on that portion 1 wished to make a mould 
of. This powder is principally composed of mercury and sul- 
phur. I had, however, a complete metallic coating on the 
surface of my model, by which I was enabled to deposit a 
surface of copper on it, by the voltaic method I have already 
described. 1 have also gilt the surface of a clay model with 
gold leaf, and have been successful in depositing the coTpper 
on its surfece. There is likewise another, and (as I trust' it 
will prijve) a simpler method of attaining this object, but as I 
have not yet sufficiently tested it by experiment, I shall take 
another opportunity of detailing the method^ 

[At the close of the paper, several specimens of coin! and * 
medals — some of them in the act of formation by the vol- 
taic process — were exhibited to the members.] ^ 

ADDENDA.* 

t6 engrXve in relief on a plate of copper. ^ 

Take a^plate of copper, such as are in use aiiy^ngengi'avers. 

Tt is not essential that it should l)e highly polished. 

Have a piece of copper wire neatly soldered to the back 
part of it, and then give it a cSating of either of the cements 

* Note — By this process, iron castiags that are required to be 
preserved from the weather may have a coatihg of copper given to 
them, of any requisite thickness. ^ 
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^^Ireacly mentioned. This is best done by heating the plate 
as well as the wax ; or, to level the wax after it has had a coat, 
• hold the back part of the plate over a charcoal fire, or spirit- 
lamp, — taking eare to hold it level. 

Then write, or draw the d&ign, on.^the wax, with a black- 
lead pencil or a point. The wax must now be cut through 
with a graver, ^r a steel point, — taking special care that the 
copper is exposed on every line. 

It inus4liow be immersed injiilute nitric acid — say, three 
parts water to one acid.* It will be at once seen whether it is 
strong enough, by the green colour of the solution, and the 
bubbles of nitrous gas eliminated. Let it remain long enough 
to allow the exposed lines on the plate to he^slightly corroded ; 
that the wax ^which gets into the pores of the copper during 
the heating process), may be thoroughly got rid of. Practice 
will determine this, better than any rujjes. 

The plate is now ready to be placed in the voltaic appara- 
tus (see lingraving, p. 3.) After the voltaic copper has been 
deposited in the lines engraved in the wax, the surface of the 
formation will be found to be rough, more or less, according to 
the quickness of the action. To remedy this, rub the surface 
with a piece of smooth flag or pumice-stone, with water. Then 
heat the plate, and wash off the wax groundwork with spirits 
of turpentine and a brush. The plate is now ready to be 
luiilted from at an ordinary press. 


TO DEPOSIT A SOLia VOLTAIC PLATE,^ HAVING THE LINES 
IN RELIEF. 

TaV. a plate of copper, lead, silver, or type-metal, of the 
required size, and engrave in it, to the depth requisite to print 
from, when in relief. , 

Contrary to ordinary engraving, the lines must be flat at 
the bottom, and as nearly as possible of the same depth. 
When so engraved (should the plate be copper or silver), heat 
jt, and then apply a little bees’ wax (what is termed virgin 
wax is preferable) mixed with a very small proportion of 
spirits of turpentine ; and give the plate a coating* of it. It 
may be laid on in a lump ; and the heat of the plate should be 
sufficient to melt it. When pn the eve of cooling, the plate 
should be wiped clean, and all the wax taken off, — as suffi- 
cient will have eiflered the pores of the plate, to prevent the 
voltaic copper from adhering. 

Then solder a piece of copper wire. 
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The plate must now receive a couple of coats of thick var- 
nish on the back and edges (a preparation of shell-la? ana 
alcohol does vexf well). I prefer, if the plate is large, to im- ' 
bed it with plaster of paris or roman cement, ki a box the size 
of the plate, allowing, ^e woodfen edge of the box to project 
just as much above the surface of the plate, as you wish the 
thickness of the voltaic one to be. (Car^ must be taken, to 
keep the engraved surface of the plate clean). * • 

It is now ready to be pl|iced iiuthe apparajps to be 
deposited on. • 

Should the plate be lead, — or, what is still better, type- 
metal,— the preparation of wax does not require to be given 
to the plate, as, when it is deposited on to the given thickness, 
applying heat is sufficient to loosen the plates. * 


TO PROCURE FAC-SIMILES OF MEDALS, &C. 

This may be done by two different methods ; the one, by 
depositing a mould of the voltaic metal on- the face of the 
medal, (having first heated it, and applied wax), and then 
depositing the metal (by a subsequent operation) in the mould 
so formed. 

But the more ready way is, to take two pieces of milled 
sheet lead,*(cast lead not being equally soft), having surfaces 
perfectly clean and free from indentation. PuJ-^the medal- 
between the two pieces of lead, subjecting the whole to pres- 
sure in a screw-press, t* A complete mould of both sides is thus 
formed in the lead, showing the most delicate lines pej-fect 
(in reverse). Twenty — or even a hundred — of these may be 
so foriped on one sheet of lead, and are deposited by the vol- 
taic process with equal or greater facility ; as, the more ex- 
tensive the apparatus, the more regularly and expeditiously 
does the operation proceed. — Those portions of the surface of 
the lead. Where the moulds do not occur, may be varnished, 

. • • 

* It may be necessary to note, that the voltaic moul4 will aW 
require the application of the wax. 

+ A common copying-machine Will serve the purpose, for a 
small medal, not having much relief. • 

Should the medal be large, and gin bold relief, it would be better 
to have a small portion of the lead cut out, or turned in a lathe, so 
that the medal might (to a certain extent) fit into the lead before 
being pressed up : this will prevent injury of the medal, and give 
a rim to the fac-simile. 
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, to the ‘pw'pose of working in metal. 

• 

to neutralize the voltaic action ; or, (a whole sheet of copper 
being d^osited), the voltaic medals may ^afterwards be cut 
out. 

A piece of "wire must now be soldered neatly to the back 
of the leaden plate ; it is then readytto be put in action. 

[This appliej to the formation of one side of a medal only. It 
requires extremely careful manipulation to form both sides ; and as 
1 think ^mtre may be a better method than the one 1 have hitherto 
adopted, 1 defer stating^ it until 1 have obtained the result of an 
experiment now in operation.] 


A VOLTAIC Impression from a plaster or clay model. 

This process is partially described in a preceding page ;* in 
addition to which I may state, that when the plaster or clay 
orhament is gilt with gold leaf, or bronzed, a copper wire 
should be attached to it, by running through from the back, 
until the point appears above the front surface, — or level with 
it will be sufficient. The other end must then be attached 
to the binding screw connecting it with the zinc, in all respects 
similar to any of the foregoing methods. 


• TO obtain any number of copies from At'f ALREADY 
ENGRAVED COPPER-PLATE. ^ 

A copper -plate m«,y be taken, engra\^d in the common 
mannei^ — the fines being in mtaglio. Procure an equal- 
siz jd piece of sheet-lead ; lay it on the engraved side of the 
platef and put both under a very powerful press ; when taken 
out, tjje lead will have every line, in relief, that had been 
sunk in the copper. • 

A wood engraving may be operated on in like manner ; 
— as lead, being pressed into it, will not injure it. 

A wire may now be soldered to the lead^ tfepu bed it in a 
*box : and put it into the voltaic apparatus, — when a copper- 
plate, being an exact fac-simile of the original, will be formed. 

In this pr^ess, care must be taken that the lead is clean 
and bright, as it comei»from the roller in the milling-process, 
and consequently free from any oxidation, which it soon ac- 
quires, if exposed to the atmosphere. It should lie put in 
action as soon as*possibls after being taken out of the press. 

* See page 263. 

VoL. IV? — No. 22, January^ 1840. U 
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• REMARKS 

ON THE MANAGEMENT OF THE APPARATUS.* ** 

• 

Next to electro-xnag^ejtism, there is no branch of science 
that requires more dexterous manipulation than voltaic, or 
electro-chemistry ; the most trifling film pf oxidation often 
retarding the action of the most powerful apparatus. liut, 
in the present instance, slowactmn, and aimplici I yoi arrange- 
ment, being the predominating feature, such nice attention 
to minutifc is not absolutely necessary, — or at least not so 
much so as to deter those hitherto unacquainted with the 
subject from practising. 

\iiall cases, to ensure metallic connexion, birfding-screws 
are preferable to cups of mercury; but, in using them, the 
copper wire, where the a^ttachmeiit is made, must bebrightened 
with a piece of emery paper, — also the point of the screw, 
where it presses on the wire. In soldering the wires to the 
plates, let as little resin be used as possible ; sal ammoniac, 
or dilute muriatic acid, answers the purpose much better. 

In these experiments, I have invariably found an equal 
sized piece of zinc to answer best. In the constmotion of 
galvanic batteries in general, I am aware, this is a moot point 
with high authority ; but my own practice, which has been by 
no means small, with batteries of every construction, has led 
me to the opinion that, wherever slow and equable action is re- 
quired, the positive and negative electrodes shoulcy^e of equal 
superficial area. — Although amalgamated zinc plates are 
preferable where combined intensity and continuity of action 
are required, they must not be used, under anjT circum^^tances, 
for the present purposes. — It will, likewise, be found to be 
essential that the thickness of the zinc be equal to that f>f the 
required deposition . . 

Let the porous bottftm of the interior vessel, containing the 
zinc, be a little larger than either of the electrodes. I have 
hitherto used, for this purpose, either l)otionjless glass cylin 
ders, or wooden boxes, varnished, with plaster bottoms ; but 
I should recommend a well glazed earthenware vessel, havingi 
no bottom, •but a slight rim projecting inwards, to secure the 
plaster. The zinc should be occasionally taken out of the 
arrangement, during continuance of the process, and cleansed 
by washing it in water; the ISaline solution may also be 
renewed. 

* These observations are intended for the guidance, in the first 
instance, of those who are practically unacquainted with voltaic 

arrangements. ^ 
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• lo the purpose of iDorkh^g in mctaL 

•Crystals of sulphate of copper should added, from time to 
time, to*thc cupreous solution ; but , should the 4eposition require 
to be thick ^nd long-continued, it will be necessary to take 
out the cupreous solution #iice or twice during the operation, 
and’add an entirely fresh one, — as*tBe sulphuric acid, neces- 
sarily set free after the de-oxidisement of the copper, when 
it predomiuales to any extent, prevents the required action 
from talking place oji the copper ; instead of which, a sub or 
<li-oxitTe of copjxjr is deposited, in the form of a reddish brown 
powder — the solution being rendered colourless. When this 
lakes place, the plate should be taken out, .and well washed 
in very dilute nitric acid. I have trie^l several methods to 
take up t^ie sulphuric acid as it was set free; pure clay 
answ'ers this purpose pretty well, the acid combining to a 
certain extent with it, and forming a sulphate of alumina, 
or alum, at the bottom of the vessel.* 

• When the voltaic copper is bent, it breaks at a similar 
angle to cast copper ; but when heated to a red heat, and 
slowly cooled, it assumes somewhat of the pliability of rolled 
sheet copper, requiring to be bent several times before break- 
ing ; should it now be beaten on an anvil, it will resume its 
brittleness. 

It may be filed, polished, and cut with shears, in the usual 
manner — the surface acquiring as fine a polish as the copper 
• in- use among engravers. • 

Should a thick mass of metal be requisite for any practical 
purpose : ^s it would require a considerable lapse of time 
before it could be obtained by the vqltaic process,* the back 
of the^deposit^d metal may be thickened, or filled up with 
sofder, in a manner already practised in the arts, without the 
slightest injury to the surface or texture of the 
metal. 


* To deposit metal equal to one-eightli of an inch in lhiclvn(»ss, 
requires about eight or ten days’ eoritinuous action : llie superticiul 
extent of tlie dtqiosition not 1>eing material as regards the duration 
orthe process. 


U2 



DESCRIPTION (AND ACCOMPANYING VIEW) OF THE APPARATUS. 

FIGURE 1. 

■ —I Figure 1 is ^ Section of the necessary 
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to the purpose of loorking in metal. 
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• NOTE. 

We have tead Mr. Spencer’s paper with much pleasure and 
satisfaction ; and must certainly e^ipress our extreme surprise 
at .our author's extraordinary reception at the Birmingham 
Meeting of «the British Association, ybr the promotion of 
Science. We have not the pleasure of knowing who Mr. 
Spence^is, nor whdt is hisi position in society : but no one, 
who reads the preceding paper, can hesitate acknowledging 
that he is a scientific man.” As for ourselves, we have no 
hesitation in stating, that Mr. Spencer’s paper is, without 
exception, , the most interesting one, on voltaic electricity, 
that has hitherto been presented to the notice of the British 
Association for the promotion of Science. Edit. 


ADDITIONAL INFORMATION FROM MR. SPENCER. 
To the Editor of the Liverpool Mercury. 


Sir, 

In your last number you expressed some doubts as to the 
correctness of ^the account of my process, given in the Athe- 
liasum, and condensed from the account given in the pamphlet 
published by the Polytechnic Society. 1 have since looked 
over it, and find nothing absolutely incorrect, yet «n the at- 
tempt to condense the details of the process, there is a tur- 
bidaess which^mateWally interferes vdth a proper understand- 
ing of* the whole. I shall now detail to you, as briefly as 
possible, the method I would adopt to copy a wood engraving 
in copper, — and as it will apply to some other processes con- 
nected with the subject, it will, I trust, not be unacceptable 
to your readers, * 

1 may premise that, but for the plasticity and perfectly 
unelastic property of lead, the discovery would be of but 
comparatively small value. Plumbers who have handled the 
substance for the greater portion of their lives, are astonished 
to find it so susceptible of pressure; on the cohtrary, wood 
engravers aid not, until now, imagine their blocks would 
stand the pressure of *a screw press on a lead surface without 
injury; but such is the factSn both instances. In the manner 
in which box wpod is used for wood engravings, being hori- 
zontal sections, it will ^stain a pressure of SOOOlbs. without 
injury, provided the pressure is perfectly perpendicular. 

•The wood engraving being given, take a piece of sheet 
lead the requisite size ; let its siiperfice be about one-eighth 
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of an inch larger all round than that of the wooden block. 
I'he lead must now be planed with a common plane, just as a 
piece of soft wood: the tool termed by the joiner the try 
plane docs best; — a clear bright 'surface is thus obtained, 
such as I have been unable to get by any other means. The 
engraved surface of the wood must now be laid on the planed 
surface of the lead^ and both put carefully in the press ; should 
the engraving have more than ctwo inches of supeificcs, a 
copying press is not powerful enough. VWhatever press is used, 
the subject to be copied must be cautiously laid in the centre 
of the pressure, ds a very slight lateral force will in some de- 
gree injure the process. The lead to be impressed jupon must 
rest on thedron plate of the press, as must the back part of 
the wood engraving; the pressure to be applied regularly, and 
not, as in some cases with a jerk. When the pressure is 
deemed complete, they may be taken out; and if, on ex- 
amination, the lead is not found to be completely up, the 
wood engraving may be neatly relaid on the lead, and again 
submitted to the press, using the same precaution as before. 

When the lead is taken out a wire should be soldered to it 
immediately, and put into the apparatus without loss of time, 
as the less it is subjected to the action of the atmosphere the 
better ; — care should also be taken not to touph the surface 
with the fingers. In the pamphlet I stated the length 6f 
time usually taken to deposit the required thickness of metal ; ' 
— I have keen since able to abridge that period three or four 
fold, as I keep the solutions at a temperature of from 120 to 
180 Farenheit. It has ^)een suggested td me, by Mr. Crosse, 
of Broomfield, to keep the solutions boiling, which stSl fur- 
ther increases the rapidity of the deposition. Contrary to 
general vjhemical analogy the deposited metal is of a much 
superior quality to that deposited by the very slow action of a 
common temperature. 

At the same time it must be borne in mind, that if the pro- 
cess is quickened by strengthening the solution in the positive 
cell by the addition of an acid, the metal deposited in the 
opposite one is of a very inferior quality ; so much so as to be 
totally unfit ¥or any practical purpose. Under these circum- 
stances the deoxidizing process is not completed, the deposit 
being a reddish brown protoxide of copper ; this last, if let 
remain for a few days longer, undergoes a still further change, 
it then becomes a black oxide of copper, such as may be used 
for organic analysis ; and, were I trf pursue this branch of 
chemistry, I should never resort to any other method of 
obtaining it. 
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I'hc above process will apply to copyiijg engraved copper- 
plates, or medallions. 

1 have ali^ been able to obtain inmressions from wood 
engravings by the following method. Take a piece of tinfoil 
the size, or thereabouts, of the en^rhving ; place it on the 
engraved surface ; over this place a piece of sheet India rubber, 
and put the ^vhole in a press ; on taking out of which it 
will be fgund the tii^is thoroughly impressetl into the lines of 
the wood. A coating of piaster of Paris must now be laid 
on the till to about half an inch in thickness ; when set, the 
whole may be taken off the wooden blqck. It will be 
found that the tin adheres to the plaster, and leaves the face 
of the engrtiving. The tin surface may now be deposited on 
loyally required thickness. The above was tried on a coarse 
wood engraving. I am unable to say how it might answer 
fur a fine one. * 

*1 have been more than once reminded of the fusible metal, 
that melts at a temperature of boiling water, but have had no 
opportunity of trying it ; it might be applicable for copying 
wood engravings. 

I have yet another method which I am in hopes will still 
further improve the process, but as it is not matured I shall 
take a future opportunity of communicating it: being a 
inotlification of the apparatus, it will require an engraving to 
explain it. • 

Yours, &c., 

THOMAS SPENCER. 


X\XVII. On the n,se of Voltaic Electricity, In a letter 
to the Rev. J. li . Reade, By Mr. Sturgeon. * 

• 

Westmoreland Cottage, 

December 2, ikw. 

My dear Sir, 

During our conversation, this morning,* on the subject of 
taking fac simile impressions, in copper, of medallions, coins, 
&c., by the process of Y^^ltaism, you will remember that the 
idea occurred to me qf giving them silver or golden surfaces, 
by a similar voltaic process^ employing a solution of either of 
those metals in connexion with the prepared matrix, instead 
ol a solution df coppey. Turning the suliject over in my 
mind whilst walking home, a thought struck me tliat a com- 
plete medallion of any kind of metal might easily be made 
by the^voltaic process ; or the medallion might bo constructed 
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of different metals and in a variety of ways, which it would 
be difficult to imitate by any other process. 

The following are some of the methods : — » 

Let a matrix of each jside of th^ medallion intended to be 
copied be made in the usual way, by means of the alloy 
usually called J\l'etvton*s fusible metals and let the metal be 
about an eighth of an inch in thickness. To the back of this 
metal is to be soldered one end pf a copper wire, ai^ito the 
other end a piece of zinc, which is afterwards to be amal- 
gamated. The metal in which the matrix is formed is now 
to be covered with a thin stratum of either varnish or wax, 
leaving bare the matrix only. The wire is also to be covered 
in a similar manner, and is to be bent so as to adapt the vol- 
taic metals to their respective positions in the vessels holding 
the liquids employed. In a few hours the matrix will have 
received a coating of precipitated metal from the solution, 
which may be either gold or silver; the thickness of the 
coating will depend upon the time. When this coating is sup- 
posed to be of sufficient thickness, remove the solution of 
the silver or the gold, as the case may be, and replace it by a 
solution of the sulphate of copper, and in the course of a few 
days you will have a considerable thickness of copper preci- 
pitated on the silver coating in the matrix. These two metals 
will adhere firmly together so as to be one piece. When this 
young semi-medallion is removed from the matrix, it w'ill 
have a copper body wdth a silver or a gold face. Its twin 
sister may be formed by proceeding in the same way, with the 
matrix formed from the «<>pposite lace of tl»e original medallion, 
and when the process is completed the flat copper sides may 
be soldered neatly together, so as to form a complete me- 
dallion similar to the original one. ^ 

By a similar process a complete medallion may be formed 
having a gold surface on one side and a silver one on the 
other. 

Another beautiful variation may be made by the following 
process. Imaging that we wanted a medallion whose promi- 
7ient parts should be of gold, and the rest silver. I'he head 
of Newton, -for instance, with its motto, to be of gold. Var- 
nish with wax every other part of the matrix, and put it in 
galvanic action in a solution of gold. Ih a few hours a golden 
head and motto will be formed. ^ Now remove the gold solu- 
tion ; and clean the matrix of its coating of ^wax. Now put 
the matrix in voltaic action in a solution of silver, and the 
face of the new medallion will be filled up with silver. If the 
body of the medallion is to be silver, the action may be con- 
tinued for a few days ; but if the body is to be of copper, pro- 
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ceed as before directed with a solution of sulphate of copper. 
Similar pr(tcesses give infinite scope to the ingenious in vary- 
ing and ornametfiting this class of voltaic productions. 

1 am, my dear Sir, 

Youts*very truly, 

W. STURGEON. 


To the Rev, J.*B. Reade. 


XXXVIII. Contributions to Electricity and Magnetism. 

By Joseph Henky, L.L.D.,Pro/mor o/’ Natural Philo- 

sophy^ in the College of New Jersey ^ Princeton,* 

, On Electro- Dynamic Induction, 

INTRODUCTION.* 

I*. Since my investigations in reference to the influence of 
a spiral conductor, in increasing the intensity of a galvanic 
current, were submitted to the Society, the valuable paper 
of Dr. Faraday, on the same subject, has been published, and 
also various modifications of the principle have been made by 
Sturgeon, Masson, Page, and others, to increase the eflects. 
The spiral conductor has likewise been applied by Cav. 
Antinori to produce a spark by the action of a thermo-elec- 
trical pile ; and Mr. Watkins has succeeded in exhibiting all 
the phenomena of hydro-electricity by the same means. 
Although the principle has been much extended by the 
researches of Dr. Fs^^aday, yet I am happy to state that the 
results^obtain^ by this distinguished philosopher are not at 
vaAance with those given in my paper. 

2. «I now offer to the Society a new series of investigations 
in the same line, w'bich 1 hope may also be considered of 
sufficient importance to merit a place Jn the Transactions. 

3. The primary object of these investigations was to dis- 
cover, if possible, inductive actions in common electricity 
analogous to those found in galvanism. For this purpose a 
scries of experiments was commenced in the kpring of 1836, 
but 1 was at that time diverted, in part, from the immediate 
object of mjr research, by a new investigation of the pheno- 
mena known in coixnnon electricity by the name of the 
lateral discharge. Circuu^tances prevented iny doing any 
thing further, in the way of experiment, until April last, 
when most of the resists which 1 now offer to the Society 
were obtained. The investigations are not as complete, in 


* Ccynmunicaied by the Author. 
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several points, ai^ I could wish, but as my duties wiU nol 
permit me to resume the subject for some montlvs to come, 
I therefore present them as they are j knowing, from the in- 
terest excited by this branch of ^science in every part of the 
world, that the errorsr w hich may exist will soon be detected, 
and the truths be further developed. 

4. The experiments are given nearly in the order in which 
they were made ; and in general they are accompanied by the 
reflections which led to the sev'neral steps of the investigation. 
The whole series is divided, for convenience of arrangement, 
into six sections, although the subject may be considered as 
consisting, principally, of two parts. The first relating to a 
new examination of the induction of galvanic currents ; and 
the second to the discovery of analogous results in tlic dis- 
charge of ordinary electricity.* 

5. The principal articles of apparatus used in the experi- 
ments, consist of a number of flat coils of copper riband, 
which will be designated by the names of coil No. 1, coil 
No. 2, &c. : also of several coils of long wire ; and these, to 
distinguish them from the ribands, will be called helix No. 1, 
helix No. 2, &c. 

6. Coil No. I is formed of thirteen pounds of copper plate, 

one inch and a half wide and ninety-three feet long. It is 
well covered with two coatings of silk, and was gencriUly 
used in the form represented in fig. 2, Plate VI., which is 
that of a flat spiral sixteen inches in diameter. It was how- 
ever sometimes formed into a ring of larger diameter, as is 
shown in fig. 5. ^ 

7. Coil No. 2 is alsd formed of copper plate, as the same 
width and thickness as coil No. 1. It is, howevdr, only sixty 
feet long. Its form is shown at Z», fig. 2. The opening at 
the centre is sufficient to admit helix No. 1. Coils No. 
3, 4, 5, 6, &c. are all about sixty feet long, and of copper 
plate of the same thickness but of half the width of coil, 
No. 1. 

8. Helix No. 1 consists of sixteen hundred and sixty yards 
of copper wire,* V^th of an inch in diameter. No. 2, of nine 
hundred and ninety yards : and No. 3, of three hundred and 
fifty yards, of the same wire. These helices aVe shown in 
fig. 3, and are so adjusted in size as to fit into each other ; 
thus forming one long helix pf three thousand yards : 
or, by using them separately, and in different combinations, 

I 

* The several paragraphs are numbered in succession, from the 
first to the last, after the mode ado)>ted by Mr. Faraday, for c<y:i- 
venience of reference. 
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sSvenSieliceu of different lengths. The wire is covered with 
cotton thread, saturated with bees’ wax, and between each 
stratum of spire; a coating of silk is interposed. 

9. Helix No. 4, is shown fig. 5\ it is formed of five 
hundred and forty-six yards of wirPj-^^jjth of an inch in 
diameter, the several spires of which arc insulated by a coat- 
ing of cement.* Helix No. 5 consists of fifteen hundred 
yards of silvered copper wire, ttsIIi of an inch in diameter, 
covered \vith cotton, and is of the form of No. 4. 

10. Besides these I w^s favoured with the loan of a large 
spool of copper wire, covered with cotton, iVl'h of an inch in 
diameter, and five miles long. It is wound on a small axis 
of iron, and 'forms a solid cylinder of wife, eighteen inches 
long, and thirteen in diameter. 

11. For determining the direction of induced currents, a 
magnetizing spiral was generally used, which consists of 
aboht thirty spires of copper wire, in the form of a cylinder, 
and so small as just to admit a sewing needle into the axis. 

12. Also a small horse-shoe is frequently referred to, wdiicli 
is formed of a piece of soft iron, about three inches long, and 
Uhs of an inch thick ; each leg is surrounded with about 
five feet of copper bell wire. This length is so small, that 
only a current of electricity of considerable quantity can 
dcfelope the magnetism of the iron. The instrument is used 
j'or indicating the existence of such a current. ^ 

13. The battery used in most of the experiments is shown 
in fig. 2. It is formed of three concentric cylinders of cop- 
per, and two interposed cylinders of zinc. Tt is about eight 
inches tigh,^fite inches in diameter, *and exposes about one 
square foot and three quarters of zinc surface, estimating both 
sidestof the metal. In some of the experiments a larger 
battery was used, weakly charged, but all the resuKs men- 
tioned in the paper, except those with^ Cruickshank trough, 
can be obtained with one or two batteries of the above size, 
particularly if excited by a strong solution. The manner of 
interrupting the circuit of the conductor by means of a rasp, 

• b, is shown in the same figure. 

Section i. 

Conditions which influence the mduction of a Current 
, * on itself 

14. The phenomenon of the spiral conductor is at present 
kpown by the name of the induction of a current on itself, to 
dialinguish it from the induction of the secondary current, 
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discovered by Dr. Faraday. The two, however, belong to 
the same class, and experiments render it probable that the 
spark given by the long conductor is, from the natural elec- 
tricity of the metal, disturbed for an instant by the induction 
of the primary curreotr Before proceeding to the other parts 
of these investigations, it is important to state the results of a 
number of preliminary experiments, made to 'determine more 
definitely the conditions which influence the aotjpn of the 
spiral conductor. ^ ^ 

15. When the electricity is of low intensity, as in the case 
of the thermo-electrical pile, or a large single battery weakly 
excited with dilute^ acid, the flat riband coil No. 1, ninety- 
three feet long, is found to give the most brilliant deflagra- 
tions, and the loudest snaps from a surface of mercury. .The 
shocks, with this arrangement, are, however, very feeble, 
and can only be felt in the fingers or through the tongue. 

16. The induced current in a short coil, which thus pro- 
duces deflagration, but not shocks, may, for distinction, be 
called one of quantity. 

17 . When the length of the coil is increased, the battery 
continuing the same, the deflagrating power decreases, while 
the intensity of the shock continually increases. With five 
riband coils, making an aggregate length of three hundred 
feet, and the small battery, fig. 2, the deflagration is less 
than with coil No. 1, but the shocks are more intense. • 

18. There is, however, a limit to this increase of intensity 
of the 6hock, and this takes place when the increased 
resistance or diminisl|ed conduction of the lengthened coil 
begins to counteract the influence of the increasing lengtii of 
the current. The following experiment illustrates this fact. 
A coil of copper wire, T^gth of an inch in diameter;* was 
increased in length by successive additions of about thirty- 
two feet at a time. After the first two lengths, or sixty-four 
feet, the brilliancy of the spark began to decline, but the 
shocks constantly increased in intensity, until a length of five 
hundred and seventy-five feet was obtained, when the shocks 
also began to dedine. This was then the proper length to 
produce the^ matiinum effect with a single battery, and a 
wire of the above diameter. 

19. When the intensity of the electricity of the battery is 
increased, the action of the stort riband coil decreases. 
With a Cruickshank’s trough of sixty *plaf;es, fojur inches 
square, scarcely any peculiar effect can be observed, when 
the coil forms a part of the circuit. If however the length of 
the coil be increased in proportion to the intensity of the 
current, then the inductive influence becomes apparent. 
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\Vhqi the current, from ten plates of the above-mentioned 
trough, was passed through the wire of the large spool (10), 
the induced shock was too severe to be taken through the 
body. Again, M^hen a small trough of twenty-five one-iiich 
plates, which alone would gite but a gVf ry feeble shock, was 
used with helix No. 1 , an intense shock was received from 
the induction, jvhen the contact was broken. Also a slight 
shock in this arrangement is given when the contact is formed, 
but it isb^ery feeble 4n comj^arison with the other. The 
spark, however, with tUe long wire and compound battery is 
not as brilliant as with the single battery and the short 
riband coil. 

20. When, the shock is produced from«a long wire, as in 
the last experiments, the size of the plates of the battery may 
be very much reduced, without a corresponding reduction of 
the intensity of the shock. This is sl)pwn in an experiment 
with the large spool of wire (10). A very small compound 
battery was formed of six pieces of copper bell wire, about 
one inch and a half long, and an equal number of pieces of 
zinc of the same size. When the current from this was 
passed through the five miles of the wire of the spool, the 
induced shock was given at once to twenty-six persons 
joining hands. This astonishing elSect placed the action of 
a ^il in a striking point of view. 

21. With the same spool and the single battery used in the 
former experiments, no shock, or at most a ver/ feeble one, 
could be obtained. A current, however, w^as found to pass 
through the w^hole length, by its action on the galvanometer; 
but it was not ^ufficifently powerful to«iuduce a current which 

» coiild counteract the resistance of so long a wire. 

22. The induced current in these experiments may be 
consfdered as one of considerable intensity ^ and small quan~ 
lily- • 

23. The form of the coil has considerable influence on the 
intensity of the action. In the experiments of Dr. Faraday, 
a long cylindrical coil of thick copper wire, inclosing a rod 
of soft iron, was used. This form pro4.uces the greatest 

• effect when magnetic reaction is employed,; but in the case 
of simple g^lvenic induction, 1 have found the> form of the 
coils and helices represented in the figures most eifectual. 
The several spires are* more nearly approximated, and there- 
fore they exert a greater itiutual influence. In some cases, 
as will be seen hereafter, the ring form, shown in fig. 6, is 
most effectual. • 

24. In all cases the several spires of the coil should be 
wtll insulated, for although in magnetizing soft iron, and in 
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analogous experiments, the touching of two spires h net 
attended with any great reduction of action ; yet hi the case 
of the induced current, as will be shown in the progress of 
these investigations, a single contact of tw(/ spires is some- 
times sufficient to neutralize the whole effect. 

25. It must be recollected that all the experiments with 
these coils and helices, unless otherwise menlioncd, are made 
without the reaction of iron temporarily magnetized ; since 
the introduction of this would, in some cases, interfere with 
the action, and render the results more complex. 

SECTION ir. 

Conditions which influence the production of Secondary 

Currents. 

26. The secondary currents, as it is w'cll known, were 
discovered in the induction of magnetism and electricity, by 
Dr. Faraday, in 1831. But he was at that time urged to 
the exploration of new, and apparently richer veins of science, 
and left this branch to be traced by others. Since then, 
however, attention has been almost exclusively directed to 
one part of the subject, namely, the induction from magne- 
tism, and the perfection of the magneto- electrical machine. 
And I know of no attempts, except my own, to review and 
extend the'purely electrical part of Dr. Faraday’s admirable 
discovery. 

27- The energetic action of the flat coil, in producing the 
induction of a current on itself, led ine to conclude that it 
would also be the most proper means for the exhibkion and 
study of the phenomena of the secondary galvanic currents. 

28. for this purpose coil No. 1 u^as arranged to receive 
the current from the small battery, and coil No, 2 placed on 
this, with a plate of ^ass interposed to insure perfect insula- 
tion ; as often as the circuit of No. 1 was interrupted, a 
powerful secondary current was induced in No. 2. The 
arrangement is jbhc same as that exhibited in fig. 4, witli 
the exception that in this the compound helix is represented 
as receiving the induction, instead of coil No. 2. 

29. When the ends of the second coil were rubbed 
together, a spark was produced at the opening. When the 
same ends were joined by the tnagnetizing spiral (II), the 
inclosed needle became strongly magnetic Also when the 
secondary current was passed throi/gh the wires of the iron 
horse-shoe (12), magnetism was developed; and when the 
ends of the second coil were attached to a small decomposing 
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appaCAtus, of llie kind which accompanies the' magneto - 
electrical machine, a stream of gas was given off at each pole. 
The shock, however, from this coil is very feeble, and can 
scacely be felt Shove the fingers. 

30. This current has therefore thp .properties of one of 
inodQrate intensity, but considerable (luantity. 

31. Coil N 0 ..I remaining as before, a longer coil, formed 
by uniting: Nos. 3, 4, and 5, was substituted for No. 2. With 
this arrai^ement, the*spark produced when the ends were 
rubbed together, was not as brilliant as before ; the magne- 
tizing power was much less ; decomposition was nearly the 
same, but the shocks were more powerful, or, in other words, 
the intensity, of the induced current was increased by an 
increase of the length of the coil, while the quantity was 
appjtiTiitly decreased. 

32. A compound helix, formed by«iiniting Nos. 1 and 2, 
amk therefore containing two thousand six hundred and fifty 
yards of wire, was next placed on coil No. 1. The weight 
of this helix happened to be precisely the same as that of 
coil No. 2, and hence the different effects of the same quan- 
tity of metal in the two forms of a long and short i!onductor, 
could be compared. With this arrangement the magnetiz- 
ing effects, with the apparatus before mentioned, disappeared. 
The sparks were much smaller, and also the decompositions 
less, than with the short coil ; but the shock was almost too 
intense to be received with impunity, except through the 
fingers of one hand. A circuit of fifty-six of the students 
of the senior class, received it at once from a single rupture 
of the battery current, as if from the^ischarge of a Leyden 
jar^wcatily charged. 'J'he secondary current in this case was 
one qf small quantity, but of great intensity. 

33. The following experiment is important in establishing 
the fifet of a limit to the increase of the intensity of the 
shock, as well as the power of decomjibsition, with a wire of 
a given diameter. Helix No. 5, which consists of wire only, 
ji-iih of an inch in diameter, was placed on coil No. 2, and 

^ its length increased to about seven hundred- yards. With 
this extent of wire, neither decomposition nor magnetism 
could be obtained, but shocks were given of •a peculiarly 
pungent nature ; they did not however produce much 
muscular iiction. The wire of the helix was further increased 
to about fifteen hundred yatds ; the shock was now found to 
be scarcely perceptible, in the fingers. 

34. As a counterpart to the last experiment, coil No. I 
wjis formed into a ring of sufficient internal diameter to admit 
the great spool of wire (11), and with the whole length of 
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this (which, as has before been stated, is five niiles) the ^oc|^ 
was found so intense as to be felt at the shoulder, when 
passed only through the forefinger and thumb. Sparks and 
decomposition were also produced, and needles rendered 
magnetic. The wire 9 / this spbol is xirth of an inch thick, 
and we therefore see from this experiment, that by increasing 
the diameter of the wire, its length may. also be much 
increased, with an increased effect. 

35. The fact (33) that the jnduced current is diminished 
by a further increase of the wire, aft^ r a certain length has 
been attained, is important in the construction of the mag- 
neto-electrical machine, since the same effect is produced in 
the induction of magnetism. Dr. Goddard of .Philadelphia, 
to whom I am indebted for coil No. 5, found that when its 
whole length was wound on the iron of a temporary magnet, 
no shocks could be objbained. The wire of the machine may 
therefore be of such a length, relative to its diameter, to 
produce shocks, but no decomposition ; and if the length be 
still further increased, the power of giving shocks may also 
become neutralized. 

36. The inductive action of coil No. 1 , in the foregoing 
experiments, is precisely the same as that of a temporary 
magnet in the case of the magneto-electrical machine. A 
short thick wire around the armature gives brilliant deflagra- 
tions, but a long one produces shoeks. This fact, I believe, 
was first discovered by my friend Mr. Saxton, and afterwards 
investigated by Sturgeon and Lenz. 

37 . We might, at first sight, conclude, from the perfect 
similarity of these effects, that the currehts, w^ich, according 
to the theory of Ampere, exist in the magnet, are like those 
in the short coil, of great quantity and feeble intensity ; but 
succeeding experiments will show that this is not necessarily 
the ^se. 

3^ All the experiihents given in this section have thus 
far been made with a battery of a single element. This con- 
dition was now changed, and a Cruickshank trough of sixty 
pairs substituted. When the current from this was passed 
through the riband coil No. 1, no indication, or a very feeble ' 
one, was given of a secondary current in any of, the coils or 
helices, arranged as in the preceding experiments. The 
length of the coil, in this case, was n&t commensurate with 
the intensity of the current fron»the battery. But when the 
long helix No. 1, was placed instead of coil No. 1, a powerful 
inductive action was produced on each of the articles, as 
Jjefore. 
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• 

• 39. First, helices No. 2 and 3 were united into one, and 

placed within helix No. 1, which still conducted the battery 
current. WiUi this disposition a secondary current was pro- 
duced, which gave intense shocks but feeble decomposition, 
and no magnetism in the soft iron hors'eshoe. It was there- 
fore-one of intensity, and was induced by a battery current 
also of intensiTy. 

40. Inst^ead of the^helix used in the last experiment for 

receiving the induction, one* of the coils (No. 3) was now 
placed on helix No. l,\he battery remaining as before. With 
this arrangement the induced current gave no shocks, but it 
inagncti/ed the small horseshoe ; and wl\en the ends of the 
coil were rifbbed together, produced bright sparks. It had 
therefore the properties of a current of quantity ; and it was 
produced by the induction of a current, from the battery, of 
intensity. • 

41 . This experiment was considered of so much importance, 
that it was varied and repeated many times, but always with 
the same result; it therefore establishes the fact that an 
intensity current can induce one of quantity^ and, by the 
preceding experiments, the converse has also been shown, 
that a quantity current can induce one of intensity. 

42. This fact appears to have an important bearing on the 
law of the inductive action, and would seem to favour the 
supposition that the lower coil, in the two experkuents with 
the long and short secondary conductors, exerted the same 
amount of inductive force, and that in one case this was ex- 
pended (to use the language of theory) in giving a great 
velocity^to a small quantity of the fluiil, and in the other in 
proflucing a slower motion in a larger current; but in the 
two Closes, were it not for the increased resistance to conduc- 
tion in the longer wire, the quantity multiplied by the velocity 
would*be the same. This, however, as yet a hypolhlsis, 
but it enables us to conceive how intensity and quantity may 
both be produced from the same induction. 

43. From some of the foregoing experiments we may 
conclude, that the quantity of electricity in motion in the 
nelix is really less than in the coil, of the same weight of 
metal ; but this may possibly be owing simply to*the greater 
resistance offered by the longer wire. It would also appear, 
if the above reasoning be coyrect, that to produce the most 
energetic physiological i?ffects, only a small quantity of elec- 
tricity, moving with greaj velocity, is necessary. 

44. In this and the preceding section, I have attempted to 
giv^ only the general conditions which influence the galvanic 
induction. To establish the law would require a great niim- 

VoL. IV. — No. 22, Jammrtf, 1840. X 
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ber of more refined experiments, and the consideration ot 
several circumstances which would affect the results, such as 
the conduction of the wires, the constant state the battery, 
the method of breaking, the circuit with perfect regularity, 
and also more perfect means than we now possess of measuring 
the amount of the inductive action ; all these circumstances 
render the problem very complex. 

sBCTidN in. 

On the Induction of Secondary Currents at a distance. 

45. In the experipents given in the two preceding Sections, 
the dbnductor which received the induction, ws separated 
from that which transmitted the primary current by the thick- 
ness only of a pane of glass ; but the action from 'tliis 
arrangement was so eilergetic, that I was naturally led to try 
the effect at a greater distance. 

46. For this purpose coil No. 1 was formed into a ring of 

about two feet in diameter, and helix No. 4 placed as is shown 
in fig. 5. When the helix was at the distance of about six- 
teen inches from the middle of the plane of the ring, shocks 
could be perceived through the tongue, and these rapidly 
increased in intensity as the helix was lowered, and when it 
reached the plane of the ring they were quite severe. 7"he 
effect, however, was still greater, when the helix was moved 
from the centre to the inner circumference, as at c : but when 
it was placed without the ring, in contact with the outer cir- 
cumference, at 5, the shocks were v^ry slight \ and when 
placed within, but its axis at right angles to that of the ring, 
not the least effect could be observed. • • • 

47 . With a little reflection, it will be evident tha^ this 
arrangement is not the most favourable for exhibiting the 
indiibtion at a distance, since the side of the ring, for example, 
at c, tends to produce a current revolving in one direction in 
the near side of the helix, and another in an opposite direction 
in the farther side. The resulting effect is therefore only 
the difference ‘of the two, and in the position as shown in the 
figure 5 this difference must be very small, since the opposite 
sides of the helix are approximately at the same distance 
from c. But the difference of action on the two sides con- 
stantly increases as the helix is brought near the side of the 
ring, and becomes a maximum when the two are in the posi- 
tion of internal contact. A helix of larger* diameter would 
therefore produce a greater effect. 

48. Coil No. 1 remaining as before, helix No. 1, which is 
nine inches in diameter, was substituted for the small helix 
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of tTie last experiment, and with this the effect at a distance 
was much* increased. Wlien coil No. 2 was added to coil 
No. I, and thocurrents from two small batteries sent through 
these, shocks were distinctly* perceptible through the tongue, 
when the distance of the planes of tne' coils and' the three 
helices, united as one, was increased to thirty-six inches. 

49. The Jictibii at a distance was still further increased by 
coiling t|j(> long wire (if the l^rge spool into the form of a 
ring of four feet in dii^meter, and placing parallel to this 
another ring, formed of the four ribands of coils No. 1, 2, 
and 4. When a current from a single battery of thirty-five 
feet of zinc surface was passed through the riband conductor, 
shocks through the tongue were felt when the rings were 
separated to the distance of four feet. As the conductors 
vvere approximated, the shocks became more and more 
severe ; and when at the distance oi twelve inches, they 
coufd not be taken through the body. 

50. It may be stated in this connexion, that the galvanic 
induction of magnetism in soft iron, in reference to (listance, 
is also surprisingly great. A cylinder of soft iron, two inches 
in diameter and one foot long, placed in the centre of the 
ring of copper riband, with the battery above mentioned, 
becomes strongly magnetic. 

91. I may perhaps be excused for mentioning in this com- 
munication that the induction at a distance affords the means 
of exhibiting some of the most astonishing experiments, in 
the line of physique amnsantc^ to be found perhaps in the 
whole course of science. 1 will mentign one which is some- 
^ whijt co«nectpd'*with the experiments to be described in the 
next section, and which exhibits the action in a striking 
manner. This consists in causing the induction to take place 
through the partition wall of two rooms. For this purpose 
coil No. 1 is suspended against the waU in one room, i^ilc 
a person in the adjoining one receives the shock, by grasping 
the handles of the helix, and approaching it to the spot op- 
posite to which the coil is suspended. The effpet is as if by 
snagic, without a visible cause. It is best ptoduced through 
u door, or thin wooden partition. ^ 

52. The action at a distance affords a simple method of 
graduating the intensity of the shock in the case of its appli- 
cation to medical purposes. ^ The helix may be suspended 
by a string passing over a pulley, and then gradually lowered 
down towards the plane of the coil, until the shocks arc of 
the reepnred intensity. At the rc(pirst of a medical friend, 

I hc'we lately administered tlio ir.di.c(d current precisely in 
this wiiy.,in a case of paralysis of a part of the nerves of the 
face. 
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53. I may also mention that the energetic action of the 
spiral conductors enables us to imitate, in a very striking 
manner, the inductive operation of the magneto-electrical 
machine, by means of an unyiterrupted galvanic current. 
For this purpose it m only necessary to arrange two coils to 
represent the two poles of a horse-shoe magnet, and to cause 
two helices to revolve past them in a parallel plane. While 
a constant current is passing through each coil, in opposite 
directions, the effect of the rotation of the helices is precisely 
the same as that of the revolving arnfkture in the machine. 

54. A remarkable fact should here be noted in reference to 
helix No. 4, which is connected with a subsequent part of 
the investigation. ' This helix is formed of copper wire, the 
spires of which are insulated by a coating of cement instead 
of thread, as in the case of the others. After being used in 
the above experiments, a small discharge from a Leyden jar 
was passed through it, and on applying it again to the coil, I 
was much surprised to find that scarcely any signs of a 
secondary current could be obtained. 

55. The discharge had destroyed the insulation in some 
part, but this was not sufficient to prevent the magnetizing 
of a bar of iron introduced into the opening at the centre. 
The effect appeared to be confined to the inductive action. 
The same accident had before happened to canothcr coiL of 
nearly the game kind. It was therefore noted as one of some 
importance. An explanation was afterwards found in a 
peculiar action of the secondary current. 

* 

SECTION IV. « 

• • 

On the effects produced by interposing different Suljsfnnces 
' beticcen the Conductors. 

• 

56 . Sir H. Davy 'found, in magnetizing needles by an 
electrical discharge, that the effect took place through inter- 
posed plates of all substances, conductors and non-con- 
ductors.* The experiment which I have given in paragraph 
51 would appear to indicate that the inductive action whichr 
produces the secondary current might also follpw the same 
law. 

57- To test this the compound helix was placed about five 
inches above coil No. 1, fig. 6^ and a plate of sheet iron, 
about Ath of an inch thick, interposed, ^iih this arrange- 
ment no shocks could be obtained ; •although, when the plate 
was withdrawn, they were very intense. 


* Pliilosophical Transactions, 1821 . 
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• • 

• 58. It was at first thought that this effect might be pecu- 
liar to the*iron, on account of its temporary mag.ietism ; but 
this idea was lihown to be erroneous by substituting a plate 
of zinc of about the same sisie and thickness. With this the 
screening infiuence was exhibited as'before. 

59. After this a variety of substances was interposed in 
succession, nartiidy, copper, lead, mercury, acid, water, wood, 
gla^s, ^c«; iiiid it was found that all the perfect conductors, 
sucli as the metals, producetf the screening influence ; but 
non-conductors, as gUias, wood, &c., appeared to have no 
eftect wl)atevcM\ 

(it). When the helix was separated fropi the coil by a dis- 
tance only rtiuul to the thickness of the plate, a slight sen- 
sation could be perceived even when the zinc of T\,th of an 
inch in thicknc‘ss was interposed. This effect was increased 
l)y increasing the quantity of the ba\tery current. If the 
thickness of llie plate was diminished, the induction through 
it became more intense. Thus a sheet of tinfoil interposed 
produced no perceptible influence; also four sheets of tlie 
same were attendecl with the same result. A certain thick- 
ness of metal is therefore required to produce the screening 
effect, and this thickness depends on the quantity of the 
current from the battery. 

Cl. 1’he idea occurred to me that the screening might, in 
some way, Le connected with an instantaneous current in the 
plate, similar to that in the induction by magnetic rotation, 
discovered by M. Arago. The ingenious variation of this 
principle by Messrs* Babbage and llerschell, furnished me 
with a simple ifiethod of determining Ibis point. 

62. A circular plate of lead was interposed, which caused 
the uiduction in the helix almost entirely to disappear. A 
slip of the metal was then cut out in the direction of h radius 
of the circle, as is shown in fig. 7* ^yith the plate in this 
condition, no screening >vas pnjduccd ; the shocks were as 
intense as if the metal were not present. 

63. This experiment however is not entirely satisfactory, 
, since the action might have taken place through the opening 

of the lead ; to obviate this objection, another plate was cut 
in the same^manner, and the two interposed with a glass 
plate between them, and so arranged that the opening in the 
one might be covered by the continuous part of the other. 
Still shocks were obtained with undiminished intensity. 

64. But the ekistencq of a current in the interposed con- 
ductor was rendered certain by attaching the magiietizing 
spiral by means of two wires to the edge of the opening in 
the circular plate, as is shown in fig. H. By this arrange- 
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ment the latent current was drawn out, and its direclior^ob 
tained by the polarity of a needle placed in the spjral at h. 

65, This current was a secondary one, and its direction, 
in conformity with the discovery of Dr. Faraday, was found 
to be the same as that of the primary current. 

66. That the screening influence is in some way produced 
by the neutralizing action of the current thus obtained, will 
be clear, from the following experiment. The plate of /inc 
before mentioned, which is nearly twice the diameccr of the 
helix, instead of being placed betwetn the conductors, was 
put on the top of the helix, and in this position, although the 
neutralization was not as perfect as before, yet a great reduc- 
tion was observed in the intensity of the shock,.* 

67- But here a very interesting and puzzling queiitioii 
occurs. How does it happen that two currents, both in' the 
same direction, can kieutralize each other? I was at ih-ftt 
disposed to consider the phenomenon as a case of real olec- 
trical interference, in which the impulses succeed each other 
by some regular interval. But if this were true the effect 
should depend on the length and other conditions of the cur- 
rent in the interposed conductor. 1 n order to investigate this, 
several modifications of the experiments were instituted. 

68. First a flat coil (No. 3) was interposed instead of the 

plates. When the two ends of this were separated, the 
shocks were received as if the coil were not present ; but 
when the ends were joined, so as to form a perfect metallic 
circuit, no shocks could be obtained. The neutralization with 
the coil in this experiment was even more perfect than with 
the plate. ‘ 

69. Again, coil No. 2, in the form of a ring, was placed not 
between the conductors, but around the helix. With this 
disposition of the apparatus, and the ends of the coil joined, 
the shocks were scarcely perceptible, but when the ends 
were separated, the presence of the coil has no effect. 

70- Also when helix No. 1 and 2 were together submitted 
to the influence of coil No. l,the ends of the one being joined, 
the other gavfe no shock. 

71. The experiments were further varied by placing helix 
No. 2 within a hollow cylinder of sheet brass, and this again 
within cqil No. 2 in a manner similar to that shown in fig. 13 
which is intended to illustrate another experiment. In this 
arrangement the neutralizing aciion wa^ exhibited, as in the 
case of the plate. 

72 . A hollow cylinder of iron was next substituted for the 
one of brass, and with this also no shocks could be obtained. 

73 . From these experiments it is evident that the neutral- 
ization takes place with currents in the interposed or adjoin- 
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• *ngk conductors of all lengths and intensities, aiid therefore 
’aniiot, as it appears to me, he referred to the interference of 
Avo systems of vibrations. 

74. 1'his paVt of the investigation was, for a time, given up 
ilinost in despair, and it il^as not ^ntil new light had been 
ohliiined from another part of the inquiry, that any further 
ailvances could he made tovvards a solution of the mystery. 

75. Before proceeding to the next Section, I may here 
state tlmflhe phenonieiion mentioned, paragraph 54, in refer- 
ence to helix No. 4, is«connected uith tiie neutralizing action. 
The electrical discharge having destroyed the insulation at 
some point, a part of the spires would thus form a shut cir- 
cuit, and tlu[3 induction in this would coimteract the action in 
the* other part of the helix ; or, in other words, the helix 
was in the same condition as the two helices mentioned in 
paragraph 70, when the ends of the \^ire of one wwe joined. 

7(). Also the same principle appears to have an important 
hearing on the improvement of the magneto-electrical ma- 
chine ; since the plates of metal which sometimes forms the 
ends of the spool containing the wire, must necessarily 
diminish the action, and also from experiment of paragraph 
72 the armature itself may circulate a closed current which 
will interfere w’ith the intensity of the induction in the sur- 
rounding wire. I am inclined to believe that the increased 
effect observed by Sturgeon and Bachhoffner, when a bundle 
of wire is substituted for a solid piece of iron, is zft least in part 
due to the interruption of these currents. I liope to resume 
this part of the subject, in connexion with several other 
points, in another Communication to»the Society. 

•77* *The tresults given in this Section may, at first sights 
be thought at variance with the statements of Sir H. Davy, 
that needles could be magnetized by an electrical cjischarge 
withp conductors interposed. But from his method of per- 
forming the experiment, it is evident*that the plate of metal 
was placed between a straight conductor and the needle. The 
arrangement was therefore similar to the interrupted circuit 
in the experiment with the cut plate (62), which produces no 
screening effect. Had the plate been curved into the form 
of a holloyy cylinder, with the two ends in contact, and the 
needle placed within this, the effect would have been other- 
wise. 

. SECTION V. 

On the Prodifetion aiyi Properties of hiduced Currents of 
the Third, Fourth, and Fifth order. 

• 78. The fact of the perfect neutralization of tlic primary 
current by a secondary, in the iiiicrposcd coiitiuctor, led me 
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to conclude that if the latter could be drawn out, or separa^^d 
from the influence of the former, it would itself be capable 
of producing a new induced current in a third conductor. 

79 . The arrangement exhibited in fig. 9, furnishes a ready 
means of testing this, <frhe prfinary current, as usual, is 
passed through coil No. 1, while coil No. 2, is placed over 
this to receive the induction, with its ends joined to those of 
coil No. 3. By this disposition the secondary current passes 
through No. 3 ; and since this i»s at a distance, and ^without 
the influence of the primary, its sep2n*ate induction will be 
rendered manifest by the effects on helix No. 1 . When the 
handles a, are grasped a powerful shock is received, proving 
the induction of a tertiary current. 

80. By a similar but more extended arrangement, as shown 
ill fig. 10, shocks were received from currents of a fourth and 
fifth order; and with aoinore powerful primary current, and 
additional coils, a still greater number of successive induc> 
tioiis might be obtained. 

81. The induction of currents of different orders, of suffi- 
cient intensity to give shocks, could scarcely have been anti- 
cipated from our previous knowledge of the subject. The 
secondary current consists, as it w’ere, of a single wave of 
the natural electricity of the wire, disturbed but for an in- 
stant by the induction of the primary ; yet this has the power 
of inducing another current, but little inferior in energy to 
itself, and thus produces effects apparently much greater in 
proportion to the quantity of electricity in motion than the 
primary current. 

82. Some difference * may be conceived to^ exist in the 
action of the induced currents, and that from the bhtterc/, 
since they are apparently different in nature ; the one con- 
sisting, as we may suppose, of a single impulse, and the other 
of a succession of such impulses, or a continuous action: It 
was therefore important to investigate the properties of these 
currents, and to compare the results with those before ob- 
tained. 

83. First, inTeference to the intensity, it was found that 
with the small battery a shock could be given from the cur- 
rent of the third order to twenty-five persons joining hands ; 
also shocks perceptible in the arms were obtained from a 
current of the fifth order. 

81. The action at a distance w^s also much greater than 
could have been anticipated. In one experiment shocks from 
the tertiary current were distinctly felt through the tongue, 
when helix No. 1, was at the distance of eighteen inches above 
the coil transmitting the secondary current. 
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• 85, The same screening effects were produced by the in- 
terposition* of plates of metal between the conductors of the 
different orderi^ as those which have been described in refer- 
ence to the primary and secondary ci^rents. 

86. Also when the long helix is placed over a secondary 
current generated in a short coil, and which is therefore, as 
we have before* shown, one of quantity, a tertiary current of 
intensity produced. 

87 . Again , when the inten^ty current df the last experi- 
ment is passed through^a second helix, and another coil is 
placed over this, a quantity current is again produced. There- 
fore in the case of these currents, as in tljat of the primary, 
a quantity ettrreni can be induced from one of intensity ^ and 
the converse. By the arrangement of the apparatus as shown 
in fig. 10, these different results are exhibited at once. The 
induction from coil No. 3, to helix No.*l, produces an inten- 
sity* current, and from the helix No. 2 and 4, a quantity 
current. 

88. If the ends of coil No. 2, as in the arrangement of fig. 
9, be united to helix No. 1, instead of coil No. 3, no shocks 
can be obtained ; the quantity current of coil No, 2, appears 
not to be of sufficient intensity to pass through the wire of 
the long helix. 

89. Also, no shocks can be obtained from the handies 
attached to helix No. 2, in the arrangement exhibited in fig. 
11. In this case the quantity of electricity in the current 
from the helix appears to be too small to produce any effect, 
unless its power is multiplied by passing it through a con- 
ductor of many«pires. 

* 90. llie nftxt inquiry was in reference to the direction of 

these, currents, and this appeared important in connexion 
with the nature of the action. The experiments bf Dr. 
Faraday would render it probable, that,at the beginning and 
ending of the secondary current, its induction on an adjacent 
wire is in contrary directions, as is shown to be the case in 
the primary current. But the whole action of a secondary 
^current is so instantaneous, that the inductive' effects at the 
beginning and ending cannot be distinguished from each 
other, and vfe can only observe a single impulse, which, 
however, may be considered as the difference of two impulses 
in opposite directions. 

91. The first experiment* happened to be made with a 
current of the fcAirth or^er. The magnetizing spiral (11) 
was attached to the ends of coil No. 4, fig. 10, and by the 
pohtrity of the needle it was found that this current was in 
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the same direction with the secondary and primary currciAs.^' 
By a too hasty generalization, i was led to conclude, from 
this experiment, that the currents of all orders are in the 
same direction as that of the battery current, and I was tlie 
more confirmed in thiei from the results of my first experi- 
ments on the currents of ordinary electricity. I'lie conclusion, 
however, caused me much useless labour and perplexity, and 
was afterwards proved to be erroneous. 

92. By a careful repetition of thfe last expermicnt, in 
reference to each current, the iniportb,nt fact was discovered, 
thdA. there exists an alternation in the direction of the currents 
of the several orders^ commencing with the secondary, "riiis 
result was so extraordinary, that it was thought necessary 
to establish it by a variety of experiments. For this purpose 
the direction was determined by decomposition, and also by 
the galvanometer, but the result was still the same ; and at 
this stage of the inquiry I was compelled to the conclusion 
that the directions of the several currents were as follows : 


Primary current, 4* 

Secondary current, + 

Current of the third order, . . . — 

Current of the fourth order, . . . + 

Current of the fifth order, ... — 


93. In the first glance at the above table, we are struck 
with tire facet that the law of alternation is complete, except 
between the primary and secondary currents, and it appeared 
that this exception might possibly be connected with the 
induced current which takes place in the first coil itself, and 
which gives rise to the phenomena of the Spiral conductor. ^ 
If this should be found to be minusy we might consider it as 
existing between the primary and secondary, and the anomaly 
would thus disappear. Arrangements were therefore made 
to fully satisfy myself on this point. For this purpose the 
decomposition of dilute acid and the use of the galvanometer 
were resorted to, by placing the apparatus between the ends 
of a cross wire attached to the extremities of the coil, as in 
the arrangement described by Dr. Faraday (ninth series) j 
but all the results persisted in giving a direction to this cur- 
rent the same as stated by Dr. Faraday, namely, that of the 

* It should be recollected that aH the incbictioiis which have been 
mentioned were produced at the moment of braaking the circuit of 
the battery current. The induction aif the formation of the current 
is too feeble to produce the effects described. 
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•pi*S nary current, I was therefore obliged to abandon the 
supposition that the anomaly in the change of the current is 
connected with the induction of the battery current on itself.* 

94. Wliatever may be the nature or causes of these changes 
in the direction, they offer a rej^y. explanation of the 
neutralizing action of the plate interposed between two con- 
ductors, since a secondary current is induced in the plate ; 
and altliojigh the action of this, as has been shown, is in the 
same dh-ection as thfi current from the battery, yet it tends 
to induce a current in*the adjacent conducting matter of a 
contrary direction. The same explanation is also applicable 
to all the other cafes of neutralization, even to those which 
take place between the conductors of the several orders of 
currents. 

95. The same principle explains some effects noted in 
reference to the induction of a current on itself. If a flat 
coil be connected with the battery, of course sparks will be 
produced by the induction, at each rupture of the circuit, 
ilut if in this condition another flat coil, with its ends joined, 
be placed on the first coil, the intensity of the shock is much 
diminished, and when the several spires of the two coils arc 
mutually interposed by winding the two ribands together 
into one coil, the sparks entirely disappear in the coil trans- 
nytting the battery current, when the ends of the other are 
joined. To understand this, it is only necessary to mention 
that the induced current in the first coil is a true secondary 
current, and it is therefore neutralized by the action of the 
secondary in the adjoining conductor ; since this tends to 
produce a current in the opposite direction. 

4)6. It would also appear from the perfect neutralization 
\vhich ensues in the arrangement of the last paragraph, that 
the induced current in the adjoining conductor 4S more 
powerful than that of the first conductor ; and we can easily 
sec how this may be. The two ends *of the second coil arc 
joined, and it thus forms a perfect metallic circuit; while the 
circuit of the other coil may be considered as partially 
interrupted, since to render the spark visible the electricity 
must be projected, as it were, through a small distance of 
air. • • 

97 . We would also infer that two contiguous secondary 
currents produced by the same induction, would partially 
counteract each other. Moving in the same direction, they 
would each teaid to induce a current in the other of an 
opposite direction, lliis is illustrated by the following 
exjperiment : helix No. 1 and 2 were placed together, but not 

* Our theory, as given in Vol. I. of these Annals, fully explains 
tlu* wlu)le plienoinemi. Edit. 
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united, above coil No. 1, so that they each might receive 1[hc 
induction ; the larger was then gradually removed to a 
greater distance from the coil, until the intensity of the shock 
from each was about the same.. When the ends of the two 
were united, so that the shock would pass through the body 
from the two together, the effect was apparently les.s than 
with one helix alone. The result, however, wAs not as satis- 
factory as in the case of the other experiments ; a dight dif- 
ference in the intensity of tw^o shocks could not be appre- 
ciated with perfect certainty. 

SECTION VI. ^ 

« 

The •production of induced Currents of the different Orders 
from ordinary Electricity. 

98. Dr. Faraday, in the ninth series of his researches, remarks 
that the effect produced at the commencement and the hud 
of a current (wliich arc separated by an interval of time when 
that current is supplied from a voltaic apparatus) must occur 
at the same moment when a common electrical discharge is 
passed through a long wire. Whether if it happen accurately 
at the same moment they would entirely neutralize each 
other, or whether they would not still give some definite 
peculiarity to the discharge, is a matter remaining to be 
examined.**- 

99. "I'he discovery of the fact that the secondary current, 

which exists but for a moment, could induce another current 
of considerable energy, gave some indication that similar 
effects might be produced by a discharge of ordinsyy elec- 
tricity, provided a sufficiently perfect insulation could' be 
obtained. , 

100. ""To test this a hollow glass cylinder, fig. 12, of about 
six inches in diameter, was prepared with a narrow riband 
of tinfoil, about thirty feet long, pasted spirally around the 
outside, and a similar riband of the same length, pasted on 
the inside; so that the corresponding spires of the two were 
directly opposite* each other. The ends of the inner spiral 
passed out of the cylinder through a glass tube, to prevent 
all direct communication between the two. When the ends 
of the inner riband were joined by the magnetizing spiral 
(11), containing a needle, and a discharge from a half giillon 
jar sent through the outer riband, the needle was strongly 
magnetized in such a manner as to jndicate^a/i induced cur- 
rent through the inner riband in the same direction as that 
of the current of the jar. This experiment was repeated 
many times, and always with the same result. 
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."^1. When the ends of one of the ribands were placed very 
nearly in contact, a small spark was perceived at the open- 
ing, the moment the discharge took place through the other 
riband. 

102. When the ends of tlie same Viband were separated to 
a considerable distance, a larger spark than the last could 
be drawn from each end by presenting a ball or the knuckle. 

103. ^Iso if the ends of the outer riband were united, so 
at to foftii a perfect nlctallic circuit, a spark could be drawn 
from any point of th^ same, when a discharge was sent 
through the inner riband. 

104. The sparks* in the two last experiments are evidently 
due to the action known in ordinary elec\ricity by the name 
of the lateral discharge. To render this clear, it is perhaps 
neelfcssary to recall the well known fact, that when the knob 
of a jar is electrified positively, and the outer coating in 
connexion with the earth, then the jar contains a small ex- 
cess of positive electricity beyond what is necessary to per- 
fectly neutralize the negative surface. If the knob be put in 
communication with the earth, the extra quantity, or the 
free electricity, as it is sometimes called, will be on the ne- 
gative side. When the discharge took place in the above 
experiments, the inner riband became for an instant charged 
with this free electricity, and consequently threw off from 
the outer riband, by ordinary induction, the sparjes described. 
It therefore became a question of importance to determine, 
whether the induced current described in paragraph 100 was 
not also a result of the lateral discharge, instead of being a 
true case of a s|pcon3ary current analogous to those produced 

• fr#m galvanism. For this purpose the jar was charged, first 
with the outer coating in connexion with the earth, and again 
with* the knob in connexion with the same, so that the extra 
quantity might be in the one case/>/u.v and in the other minus; 
but the direction of the induced current was not affected by 
these changes; it was always the same, namely, from the 
positive to the negative side of the jar. 

105. When, however, the quantity of fi;ee 'electricity was 
* increased, by connecting the knob of the jar with a globe 

about a fooUin diameter, the intensity of magnetism appeared 
to be somewhat diminished, if the extra quantity was on the 
negative side; and this might be expected, since the free 
electricity, in its escape to^the earth through the riband, in 
this case would«tend to induce a feeble current in the oppo- 
site direction to that ofthe jar. 

106- The spark from an insulated conductor may be con- 
siclered as consisting almost entirely of this free or extra 
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electricity, and it was found that this was also capable"^ of 
producing an induced current, precisely the same as that 
from the jar. In the experiment which gave this result, one 
end of the outer riband the cylinder (100) was connected 
with the earth, and the other caused to receive a spark from 
a conductor fourteen feet long, and nearly a foot in diameter. 
The direction of the induced current was the same as that of 
the spark from the conductor. # 

107 . From those experiment's it appears evident that the 
discharge from the Leyden jar possesses the property of 
inducing a secondary current precisely the same as the gal- 
vanic apparatus, and also that this induction is only so far 
connected with the phenomenon of the lateral discharge as 
this latter partakes of the nature of an ordinary electrical 
current. 

108. Experiments were next made in reference to the pro- 
duction of currents of the different orders by ordinary elec- 
tricity. For this purpose a second cylinder was prepared 
with ribands of tinfoil, in a similar manner to the one before 
described. The two were then so connected that the 
secondary current from the first would circulate around the 
second. When a discharge was passed through the outer 
riband of the first cylinder, a tertiary current was induced in 
the inner riband of the second. This was rendered manifest 
by the magnetizing of a needle in a spiral joining the ends 
of the last mentioned riband. 

109. Also by the addition, in the same way, of a third 
cylinder, a current of the fourth order was developed. The 
same result was likewise obtained by using the arrangement 
of the coils and helices shown in fig. 10. For these expe?i- 
nients, however, the coils were furnished with a double 
coating of silk, and the contiguous conductors separated by 
a large plate of glass. ' 

110. Screening effects precisely the same as those ex- 
hibited in the action of galvanism were produced by inter- 
posing a plate pf metal between the conductors of different 
orders, figs. 9 an* 10. The precaution was taken to place 
the plate between two frames of glass, in order to be assured 
that the effect was not due to a want of perfect iftsulation. 

111. Also analogous results were found when the experi- 
ments were made with coils interposed instead of plates, as 
described in paragraph 68. When the ends of the interposed 
coils were separated, no screening was observed, but when 
joined, the effect was produced. The existence of the 
induced current, in all these experiments, was clctcrmirvd 
by the magnetism of a needle in a spiral attached to one of 
the coils. 
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Likewise shocks were obtiiiiied from the secondary 
current by«an arrangement shown in fig. 13. Helices No. 2 
and No. 3 united are put within a glass jar, and coil No. 2 is 
placed around the same, \\hen thi^handles are grasped, a 
shock is felt at the moment of the aischarge, through the 
outer coil. The shocks, however, were very different in 
intensity with* different discharges from the jar. In some 
Cij|Ses no shock was received, when again with a less charge, 
a severe t)ne was obtained. Blit there irregularities find an 
explanation in a subseq*licnt part of the investigation. 

1 13. In all these experiments, the results with ordinary 
and galvanic electricity are similar. But^at this stage of the 
invcstigatioif there appeared what at first was considered a 
remarkable difference in the action of the two. I allude to 
the clireclion of the currents of the different orders. These, 
in the experiments with the glass • cylinders, instead of 
exhibiting the alternations of the galvanic currents (92), were 
all in the same direction as the discharge from the jar, or, in 
other words, they were all j}lus. 

1 14. To discover, if possible, the cause of this difference, 
a aeries of experiments was instituted; but the first fact 
developed, instead of affording any new light, seemed to 
render the obscurity more profound. When the directions 
of •the currents were taken in the arrangement of the coils 
(fig. 10) the discrepancy vanished. Alternutionsi^werc fowid 
the same as in the case of galvanism. This result was so 
extraordinary that the experiments were many times repeated, 
first with the glass cylinders, and then with the coils; the 
results, however, were always the samS. The cylinders gave 

* eufi-ents all ill one direction ; the coils in alternate directions. 

11§. After various hypotheses had been formed, and in 
succession disproved by experiment, the idea occurred to me 
that Che direction of the currents ipight depend on the 
distance of the conductors, and this appeared to be the only 
difference existing in the arrangement of the experiments 
with the coils and the cylinders.* In the former the dis- 
, tance between the ribands was nearly on& inch and a half, 
while in the latter it was only the thickness of the glass, or 
about 4 * 0 th iA an inch. 

116. In order to test this idea, two narrow slips of tinfoil, 
about twelve feet long, were stretched parallel to each other, 
and separated by thin pIates*of mica to the distance of about 

* This idea was not iniinediately adopted, beoaiise 1 had pre- 
vioysly experimented on the direction of the secondary current 
from galvanism, and found no change in reference Ui distance. 
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yVth of an inch. When a discharge from the half gallorf jar 
was passed through one of these, an induced current in the 
same direction was obtained from the other. The ribands 
were then separated, by plates of glass, to the distance of 
Y^-oth of an inch ; th& current was still in the same direction, 
or plm. When the distance was increased to about -Jth of 
an inch, no induced current could be obtained ; and when 
they were still further separated the current again, appeared, 
but was now found to have u different direction^ ^or to be 
minus. No other change was obseVved in the direction of 
the current ; the intensity of the induction decreased as the 
ribands were separated. The existence and direction of the 
current, in this experiment, were determined by the polarity 
of the needle in the spiral attached to the ends of one of the 
ribands. 

117- The question at this time arose, whether the direction 
of the current, as indicated by the polarity of the needle, 
was the true one, since the magnetizing spiral might itself, 
in some cases, induce an opposite current. To satisfy myself 
on this point a series of charges, of various intensity and 
quantity, from a single spark of the large conductor to the 
full charge of nine jars, were passed through the small spiral, 
which had been used in all the experiments, but they all 
gave the same polarity. The interior of this spiral is so small, 
that the needle is throughout in contact with the wire. 

118. The^ fact of a change in the direction of the induced 
current by a change in the distance of the conductors, being 
thus established, a great number and variety of experiments 
were made to determine the other conmtion^ on which the 
change depends. These were sought for in a variation of < 
the intensity and quantity of the primary discharge, in the 
length and thickness of the wire, and in the form of the 
circuit. The results were, however, in many cases, anoma- 
lous, and are not suihciently definite to be placed in detail 
before the Society. I hope to resume the investigation at 
another time, and will therefore at present briefly state only 
those general facts which appear well established. 

1 19. With a single half gallon jar, and the conductors se- 
parated to a distance less than Vuth of an inchy. the induced 
current is always in the same direction as the primary. But 
when the conductors are gradually separated, there is always 
found a distance at which the current begins to change its 
direction. This distance depends certainly on the amount of 
the discharge, and probably on the intensity ; and also on 
the length and thickness of the conductors. With a battery 
of eight half gallon jars, and parallel wires of about ten feet 
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long, the change in the direction did not take place at a loss 
distance ftian from twelve to fifteen inches, and with a still 
larger batter}>*and longer conductors, no change was found, 
although the induction was produce&at the distance of several 
feel. 

120. The facts given in the last paragraph, relate to the 
inductive action of the primary current ; but it appears from 
the res^itis detailed in paragraphs 110 and 114, that the 
currents of all the other orders also change the direction of 
the inductive influence with a change of the distance. In 
these cases however, the change always takes place at a very 
small distance from the conducting wire*; and in this respect 
the result is similar to the effect of a primary current from 
thew discharge of a small jar. 

121. The most important experiments, in reference to 
distance, were made in the lecture room of my respected 
friend, Dr. Hare, of Philadelphia, with the splendid electri- 
cal apparatus described in the Fifth volume (new series) of 
the Transactions of this Society. The battery consists of 
thirty -two jars, each of the capacity of a gallon. A thick 
copper wire of about y «th of an inch in diameter and eighty 
feet in length, was stretched across the lecture room, and its 
ends brought to the battery, so as to form a trapezium, the 
longer side of which was about thirty-five feet. Along this 
hide a wire was stretched of the ordinary bell Size, and the 
extreme ends of this joined by a spiral, similar to the ar- 
rangement shown in fig. '14. The two wires were at first 
placed within t^e diStance of about an inch, and afterwards 

^ jLM^fcistantly separated after each discharge of the w’^hole battery 
through the thick wire. When a break was made in tlie se- 
cond*wirc at a, no magnetism was developed in a needle in 
the spiral at 6, but when the circuit was complete, the nee- 
dle at each discharge indicated a curri&nt in the same direc- 
tion as that of the battery. When the distance of the two 
wires was increased to sixteen inches, and the ends of the 
second wire placed in two glasses of mercury ,*and a finger of 
• each hand plunged into the metal, a shock was received. 
The dircctiop of the current was still the same, but the mag- 
netism not as strong as at a less distance. 

122. The second wire was next arranged around the other, 
so as to enclose it. The miagnetism by this arrangement 
appeared stronger than with the last; the direction of the 
current was still the saific, and continued thus, until the two 
wires were at every point separated to the distance of twelve 
feet, except in one place where they were obliged to he 
crossed tit the distance of seven feet, but here the wires were 

^'o^. IV. — No. 22, January, 1840. Y 
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made to form a right angle with each other, and the effect of 
the approximation was therefore (46) considered aS nolhing. 
The needle at this surprising distance was toleKd)ly strongiy 
magnetized, as was shov^n by the quantity of filings which 
would adhere to it. The direction of the current was still 
the same as that of the battery- The form of the room did 
not permit the two wires to be separated to a greater distance. 
The whole length of the circuit^of the iiiterior large'VY,ire was 
about eighty feet; that of the exteijjor one hundred and 
twenty. The two were not in the same plane, and a part of 
the outer passed through a small adjoining room. 

^123. The results exhibited in this experiment are such as 
could scarcely have been anticipated by our previous know- 
ledge of the electrical discharge. They evince a reinarkahle 
inductive energy, which has not before been distinctly recog- 
nized, but which must perform an important part in the 
discharge of electricity from the clouds. Some effects which 
have been observed during thunder storms, appear to be due 
to an action of this kind. 

J24. Since a discharge of ordinary electricity produces a 
secondary current in an adjoining wire, it should also produce 
an analagous effect in its own wire ; and to this cause may he 
now referred the peculiar action of a long conductor. It is 
well known that the spark from a very long wire, although 
quite short, Is remarkably pungent. was so fortunate as 
to witness a very interesting exhibition of this action during 
some experiments on atmospheric electricity made by a coiii- 
mittee of the Franklin.Institute, in 18S6. Two kites were 
attached one above the other, and raised wiUi ,a snuill ir/pii 
wire in place of a string. On the occasion at which I was 
presentf the wire was extended by the Kites to the length of 
about one mile. The day was perfectly clear, yet the sparks 
from the W’ire had so much projectile force (to use a convenient 
expression of Dr. Hare) that fifteen persons joining hands 
and standing on the ground, received the shock at once, when 
the first person of the series touched the wire. A Leyden 
jar being grasped in the hand by the outer coating, and the 
knob presented to the wire, a severe shock was ^received, as 
if by a perforation of the glass, but which was found to be 
the result of the sudden and intense induction. 

125. These effects were evider^ly not due to the accumu- 
lated intensity at the extremities of the wire^on the principles 
of ordinary electrical distribution, sihee the knuckle required 
to be brought within about a quarter of an inch before the 
spark could be received. It was not alone the quantity, siftce 
the experiments of Wilson prove that the same effect is not 
produced wilh an equal amount of electricity on the surface 
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' ot a large conductor. It appears evidently therefore a case 
of the induction of an electrical current on itself. The wire 
is charged wUh a considerable quantity of feeble electricity, 
which passes off in the fojrm of a^urrent along its whole 
length, and thus the induction takes place at the end of the 
discharge, as in the case of a long wire transmitting a current 
of galvanism.* 

126. is well knoyvn that the discharge from an electrical 
battery possesses gre^t divellent powers ; that it entirely 
separates, in many instances, the particles of the body through 
which it passes. This force acts, in part, at least, in the 
direction of the line of the discharge, ^and appears to be 
analogous to the repulsive action discovered by Ampere, in 
the, consecutive parts of the same galvanic current. To illus- 
trate this, paste on a piece of glass a narrow slip of tinfoil, 
cut it through at several points, and loosen the ends from 
tlie glass at the places so cut. Pass a discharge through the 
tinfoil from about nine half gallon jars ; the ends, at each 
separation, will be thrown up, and sometimes bent entirely 
back, as if by the action of a strong repulsive force between 
them. This will be understood by a reference to fig. 14 ; the 
ends are shown bent back at a, a, a. In the popular ex- 
periment of the pierced card, the bur on each side appears to 
b€ due to an action of the same kind.^ 

127 . It now appears probable, from the fafcts given in 
paragraphs 119 and 120, that the table in paragraph 92 is 
only an approximation to the truth, and that each current 
from galvanism, as well as from electycity, first produces an 
iiuluctUe actioA in the direction of itself, and that the inverse 
infiuence takes place at a little distance from the wire. 

12B. To test this the compound helix was placec] on coil 
No. 1^ to receive the induction, and its ends joined to those 
of the outer riband of tinfoil of the glass cylinder, while the 
magneti/Znig spiral was attached to the ends of the inner 
riband. A feeble tertiary current was produced by this 
arrangement, which in two cases gave a polarity to the needle 
indicating a direction the same as that of * the primary cur- 
rent. In other cuFcs the magnetism was either iinperceptible 
or minus. With an arrangement of two coils of wires around 
two glass cylinders, one within the other, the same cfTect 
was produced. The magnetism was less when the distance 
of the two sets pf spires was smaller, indicating, as it would 
•• 

* We have witnessed this fact many years since 111 onr ««tnps of 
tinHbil for protcc^m/jf jars ; Vol. II. p. 80. Kveii when tliese strip-^ 
are laid 9vcr the top of the lining, more than an inch, tlicy are 
M)uieiiuies blown oil, and much perforated, Kdit. 

^ 2 
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appear, an approximation to a position of neutrality. Thesc^ 
results are rather of a negative kind, yet they appear to indi- 
cate the same change \rith distance in the case ot the galvanic 
currents, as in that of thp^ dischac^e of ordinary electricity. 
The distance however at which the change takes place would 
seem to be less in the former than in the latter. 

129. There is a perfect analogy between t'ne inductive 
action of the primary current from the^ galvanic apparatus 
and of that from the larger elecirical Ijattery. The point of 
change, in each, appears to be at a great distance. 

130. The neutralizing effect described in Section IV. may 
now be more definitely explained by saying that when a third 
conductor is acted on at the same time by a primary and 
secondary current (unless it be very near the second wire), it 
will fall into the region of the plus influence of the former, 
and into tliat of the minus influence of the latter ; and hence 
no induction will be produced. 

131. This will be rendered perfectly clear by fig. A, in 

which a represents the con- 
ductor of the primary cur- 
rent, 6 that of the secondary, 
and c the third conductor. 
The characters -|- -f- 4*5 
beginning at the middle of 
the first conductor and ex- 
tending downwards, repre- 
sent the constant plus in- 
flucnce«of the primary cur- 
rent, and thdse^-}- 0, , 

i. i ! 1 
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&,c., beginning at the second conductor, indicate its inductive 
influence as changing with the distance. The third conductor, 
as is shown by the figure, falls in the plus region of the 
primary current, and ui the minus region of the secondary, 
and hence the two actions neutralize each other, and no appa- 
rent result is produced. 

132. Fig. B indicates the method in which the neutralizing 

effect is produced in the 
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case of the secondary and 
tertiary currents. The wire 
conducting the secondary 
iCurrent is represented by A, 
that coflduqting the tertiary 
by r, and the other wire, to 
receive the induction from 
these, by rf. The directiDii 
of the influence, as* before, 
is indicated by + 0 , 
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&c., and the third wire is again seen to be in the plus region 
of the one current, and in the minus of the other. If, however, 
d is placed aufficiently near c, then neutralization will not 
take place, but the two ciwrents conspire to produce in 
it aninduction in the same direction. ' A similar effect would 
also be produced were the wire c, in fig. A, placed sufficiently 
near the conductor A. 

Currents of t]jc several orders were likewise produced 
from the excitation o^the magneto-electrical machine. The 
same neutralizing effects were observed between these as in 
the case of the currents from the galvanic battery, and hence 
wc may infer that also the same alternations take place in the 
direction oTF the several currents. 

jl34. In conclusion, I may perhaps be allowed to state, 
that the facts here presented havej been deduced from a 
laborious series of experiments, and are considered as form- 
ing some addition to our knowledge of electricity, indepen- 
dently of any theoretical considerations. They appear to be 
intimately connected with various phenomena, which have 
been known for some years, but which have not been referred 
to any general law of action. Of this class are the discoveries 
of Savary, on the alternate magnetism of steel needles, placed 
at different distances from the line of a discharge of ordinary 
electricity,* and also the magnetic, screening influence of all 
metals, discovered by Dr. Snow Harris, of Plymouth.! A 
comparative study of the phenomena observed by these dis - 
tinguished saimnts, and those given in this paper, would 
probably lead to dome new and in^portant developments. 
Indecd.eveiy j^art of the subject of electro-dynamic indue - 
non appears to open a field for discovery, winch experimental 
indimtry cannot fail to cultivate with immediate suegess. 


NOTE. * 

On the evening of the meeting at which my investigations 
were presented to the Society, my friend. Dr. Bache of the 
• (jirard College, gave an account of the* investigations of 
Professor Ettingshausen, of Vienna, in reference to the 
improvement of the magnelo*electric machine, some of the 
results of which he had witnessed at the University of Vienna 
about a year since. No pi^lished account of these experi- 
ments has yet reached this country, but it appears that 
Professor Ettingshausen had been led to suspect the develop- 

* Annalcs do Chiinie et de Physique, 1827. 

+ Philosophical Transactions, 1831. 
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nient of a current in the metal of the keeper of the magneto- ' 
electric machine, which diminished the effect of the current 
in the coil about the keeper, and hence to separate the coil 
from the keeper by ^ ri/jg of Miood of some thickness, and 
afterwards, to prevent' entirely the circulation of currents in 
the keeper, by dividing it into segments, and sejparating them 
by a non-conducting material. 1 am not aware of the result 
of this last device, nor whether tlie mephanical diffieplties in 
its execution were fully overcome, gives me pleasure to 
learn that the improvements, which I have merely suggested 
as deductions from the principles of the interference of 
induced currents (76), should be in accordance with the 
experimental conclusions of the above named philosopher. 


XXXIX. On Lightning Conductors^ and on certain 
Principles in Electrical Science; being an investigation 
of Mr. Sturgeon\^ Experimental and Theoretical lie- 
searches in Electricity, published by him in the Aimals 
of Electricity^" 8jc. By W. Snow Harris, Esq., F . ll . S . 

To the Editors of the Philosophical Magazine and Journal- 

Gentlemen, 

In the Annals of Electricity for October last will be found 
a memoir on Marine^ Lightning co*hductors. This memoir 
is addressed to the IJritish Association, and fc considered by 
Mr. Sturgeon, the author of it, to merit in a higTi degree the * 
especial consideration of all the learned scientific bodies in 
liurope and America. 

The author endeaveurs to show, that a metallic rod whilst 
transmitting a charge of electricity, is always productive of 
powerful lateral explosions, not only on near bodies, but on 
bodies at very great distances. This effect, he thinks, in 
the case of a lightning rod, is a very fearful circumstance. 

2. If thij deduction be worth anything, it is altogether 
subversive of the use of such rods as a means of protection 
from lightning. I have thought it right, therefore, to examine 
carefully the experiments and reasonings, which have led the 
author to this conclusion ; and since the inquiry bears mate- 
rially on a question of great public interest, and contains 
many new phenomena of electrical action, I liope it may 
not be considered unworthy a place in your very valuable 
Journal. , 
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3. Although Mr. Sturgeon has spoken in a slighting way 

of me and my experiments, and has laboured hard to invali- 
date them, I still feel, that any personal consideration is 
comparatively of minor consequeiyse. I will not, therefore, 
trouble your readers on the* subject? . I merely wish to have 
it understood, that this is not a reply to that large part of the 
memoir leveHed at myself, but is simply an investigation of 
the auljior’s “Theoretical and Experimental Researches,” 
and of his claims tef our coiffidence as a writer on Electrical 
Science. • 

4. So long since as the years 172S and 1729, Mr. Grey 
observed the phenomena of electrical conduction and in- 
sulation. • 

(^.). I'hus a metallic ball, J, fig. 1, Plate VII. supported on 
tlie glass rod g, is said to he insulated, and if electrified, will 
cause a spark in the opening between the metallic body B 
and the ball J. 

{h). If we connect the ball J with any distant body c, by 
means of a metallic wire as in fig. 2, and electrify it as before, 
the spark will still occur in the opening at the distant body 
c, the electricity being conducted by the intermediate wire. 

(c) . 3'he distance at which this effect may ensue, is very 
considerable. Mr. Grey succeeded in making it sensible at 
a distance of 705 feet.* 

(d) . The effect is more sensible when the \jody B is con- 
nected with the gi’ound, which places it, by a law of electrical 
action, in the most favourable slate for receiving the spark. 

5. 1 am desiroug to call especial attention to these results, 
notwit hstandkig their elementary character, because, as we 

-^hall ^ resently see, they are really nothing more or less than 
th^ essence of Mr. Sturgeon’s new researches, and which he 
claims to have considered by all the learned societies of 
Eufope and America. 

(5. When we attempt to charge an electrical jar, J. fig. 3, 
it is observable, that as the charge accumulates on the inner 
surface, a corresponding quantity of electricity is forced off 
from the outer, and without this double effect takes place e 
fail to accumulate a charge. 

(c). To*reiider this evident, we have only i*o place the jar 
on an insulator, as in fig. 3; we shall then find, that for every 
spark we send into the jar, a similar spark w ill leave its out- 
side, either from the cocHing directly, or from any distant 
body c connected with it as in fig. 4. 


Priestley’s History of Electricity. 
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The outer coating J, therefore, and distant body c, may be . 
considered in their insulated state as being insul^^ted con- 
ductors under the conditions represented in fig. 2. 

(f ) . Suppose the jar (jharged, and that it remains insu- 
lated; then we may aischarge it,* either by one dense shock 
through the rod fig. 4, or gradually, in the reverse way of 
charging ; viz. by continuing to draw sparks from the knob 
m, and add them to the coating J : the circumstance how- 
ever of our being enabled to take a finite spark, front either 
side alternately, whilst the jar rests oif an insulator, is suffi- 
cient to show, that the accumulated electricity is never ex- 
actly balanced between the opposed coatings, so that there 
will always be an excess of either positive or negative electri- 
city over the neutralizing quantities themselves, disposed on 
the coatings of the jar. 

(g) . When therefore<we discharge the jar, this excess of 
free electricity will speedily expand itself over the outer sur- 
face J, the discharging rod /, the knob of the jar //i, or any 
other body, c, fig. 4, connected with it, which, as in the case 
of the simply electrified conductor, J, fig. 2, will cause a spark 
to occur in either of those places. The intensity of this spark 
however will depend on tlie capacity of the jar. It is less with 
a large jar, and greater with a small one, the quantity of elec- 
tricity discharged being the same. 

(A). W hen the jar has been discharged, the knob, the 
outer coating, and all the bodies connected with it, will be 
found in the same electrical state. We may make this state 
cither positive or negative, by taking a sp^rk either from the 
knob or coating previously to discharging the jar. 

(/). This small spark caused by the excess of -free filectri^* 
city, may be obtained even though the jar be connected with 
the earth, provided we seize it before the conductors nave 
had time to operate in carrying off’ the residuary accumula- 
tion ; Professor W heatstone having shown by his unrivalled 
experiments on electrical conduction, that some portion of 
time elapses in the passage of electricity through wires. 

By bringing a n;ptallic ball, B, fig. 3 and 4, therefore in a 
free state, eitliei very near the discharging rod cc, fig. 3, the 
outer coating J, or any body, c, fig. 4 , in connexion with it, 
previously to making the discharge, we seize as it were some 
of the residuary electricity before it has time to pass off, and 
hence it becomes evident in this ^articubtr direction. The 
effect, however, will be necessarily greatest when the jar and 
iis appendages are quite insulated. After this spark has taken 
place, the jar will be found again slightly charged, with whj^t 
has been tailed a residuary charge, so that the phenomenon 
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itself is actually the same as that already observed in 
charging the jar originally (e). 

7. Ni.w thesjc simple experiments fg), (A), (?), are just the 
experiments described by Mr. Sturgeon, in which he imagines 
that the small spark above described /is -produced by a lateral 
action of the rod carrying off the discharge. He seems to 
consider it as a novel and important fact, and calls upon the 
“ principaj scientific bodies in Europe and America,” and 

the abtest electricians the Vtorld can produce,” in order 
that it may be fully sifi%d and explained. He takes great 
credit for having placed this subject before them in a “ proper 
light,” and cannot account for the circumsjtance of my having 
overlooked i>.* 

K. But since it is clear that this supposed lateral explosion 
reJilly resolves itself into one or two simple facts (a) (A), 
known to electricians for more than h century since, “ the 
ablest electricians the world can produce,” may, perhaps, be 
di.sposed to think such an occupation of their time unne- 
cessary, and the several Learned Societies in Europe and 
America” may consider it w^ould have been quite as well for 
Mr. Sturgeon’s credit, as a lecturer on natural philosophy, if 
he had not troubled them on the occasion. 

9. The following is Mr. Sturgeon’s version of these expe- 
riments : 

This kind of lateral discharge, consists in the displace- 
ment of the electrical fluid of bodies vicinal to a continuous 
conductor carrying the primitive discharge.” 

ftxp. — If a I.eydey jar, J, fig 2, be discharged through a 
rod r c, a spark^iwill appear at the opening o, between the 
•BWallic body* B placed near the rod. 

I''xp. — If instead of discharging the jar throug^h the rod c c, 
fig. 4, we discharge it by a common discharging rod V, still 
the spilrk wdll appear at o, as before. ^ 

“ 4 he eflect,” he says, is much increased by connecting 
the body B with the ground, and diminished to a certain ex- 
tent by connecting the outside of the jar with the ground.” I 
/lavc prcnluced the spark, he says, betw^con c c, and the 
body B when placed at r,0 feet from the discharge. 

“ By this bind of lateral di.scharge,” he observes, a dense 
spark may be produced when the bodies B and c r, fig. 3. are 
half an inch apart. I'hough the jar be only of the capacity 
of a quart, chemical decomp%)sitions may be effected by it.” 

9 

* T mean to submit the substance of ny Memoir to the coii- 
sidefiitioii of the princi|)al scientific bodies in Europe and America, 
in order tjiat the subject may be fidly sifted and explsnned by the 
ablest elcctrieians the uorhl can produce.”— Elccf,^ p. 191. 
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10, Mr. Sturgeon does not state precisely how these ex- 
periments were conducted, but the nature of the manipula- 
tions would have a material effect on the result. If for ex- 
ample a small jar of ar quart capacity were charging from a 
very powerful maclnne, and tlie discharge produced at the 
time of charging, either l)y a spontaneous explosion between 
the balls, m c, fig. 3, or by^an insulated discharger, then, as 
is evident, not only would the outer coating and Ms append- 
ages become charged with thti residu&ry electricity proper to 
the jar, but also by electricity frolh the prime conductor, 
which would assuredly pass over at the instant of the dis- 
charge. In Mr. 3turgeon’s account of his experiments this 
fallacious method would appear to have beeif resorted to. 
He says, a spark is felt at every discharge through the cir- 
cuit represented in the figure,” that is m c c, fig. 3. Mow the 
continued discharges ^'implied in this statement, could only be 
produced by continuing to work the machine in connexion 
wdth the jar. This circumstance alone w ould be sufficient to 
falsify the whole. 

21. The following experiments are not unimportant as 
bearing on the present question. 

(A). Let a jar. J, fig. 3, be charged positively, removed 
from the machine, and insulated. — Under this condition dis- 
charge it. When discharged, let the electrical state of the knob 
w, discharging conductor cc, the outer coating J, or any dis- 
tant body c c, fig. 4, connected with it, be examined ; they 
will all be found in the same electrical state, which state w ill 
be precisely that, exhibited by the outer coating and knob, 
whilst charging, and the small residuary sjxirk will be plus. 

{1). Charge the jar as before; but before 'discffargiil^ if, 
withdraw the free electricity from the knob. The electrical 
state of the coaling and appendages will be now changed, 
and the small residuary spark will be minus. 

(m). Immediately after the discharge, apply a metallic 
body B, fig. 3 and 4, either to the coating.!, or any body 
connected with it. A residuary spark will be thrown off. 

(«). Place a •metallic body B near the discharger, or outer 
coating, previously to making the discharge; the spark will 
then appear to ensue at the time of the discharge. 

(o). Examine the jar after this residuary spark has been 
taken from the outer coating, and it will be found again slightly 
charged as at first, ® 

(;?). Charge a jar, exposing about two square feet of coat- 
ing, with a given quantity of electricity, measured by the unit 
jar ?/, fig. 5. Let a conducting rod terminating in a luill r, 
project from the outer coating, and place near it the electro- 
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Scope E.* Discharge the jar through the rod c c, as before, 
and obserw the amount of divergence of the electroscope. 
Double the capacity of the jar, and again accumulate and 
discharge the same quantity. , The divergence of the electro- 
scope will be very considerably decreased. Add a second 
and a third jar to the former, and the effect will be at last 
scarcely perce{)tible : connect tBe jar with the ground, and 
with a gi\ien quantity the spark will vanish altogether. 

(7). Accumulate a*given quantity as before, and observe 
the effect of the residuary charge on the electroscope. Let 
a double, treble, &c., quantity be accumulated and discharged 
from a double, treble, &c., extent of surface; that is to say, 
for a doiible’quantity employ two similar jars, and so on: the 
effect will remain the |pme. 

(/•). The quantity and surface remaining constant, let the 
discharge be effected by discharging circuits c c, fig 3 , of 
different dimensions from a large rod down to a fine wire 
wliicli the charge in passing can make red-hot. Observe the 
effect on the electroscope in each case : it will be found nearly 
the same, being rather less where the tension in the dischar- 
ging wire is very considerable. 

(a'). Connect the jar with the ground, and place between 
the discharging conductor c fig. 3 , and a metallic mass B, a 
snmll quantity of percussion powder, inclosed in thin paper. 
3 ’he powder will not be infiamcd, even in the case of the dis- 
charging conductor becoming red-hot: whereas in passing 
the slightest spark, it inflames directly. 

{t). Insulate a cirsular conducting disc, M, fig. 6, of four 
f<*ct in ^iainetef : it may be made of Vood covered with tin 
Tra ; oppose fo it a similar disc, N, connected with the ground. 
Plactt a conducting rod, c c, on the lower plate^ and near it a 
ni(‘tiillic bo<ly, 0; electrify the upper plate,???; dense sparks 
will bill on the rod, cc, but no effe^;t is observable on the 
vicinal body, o, even though percussion powder be placed in 
the opening. 

12 . These experiments are conclusive of the nature of Mr. 
. Sturgeon's experiments. 

Exp. (k), (/). — show, that the electricity of fke spark varies 
with that of 'the coatings. 

Exp. (m ), — proves that the spark is readily obtained after 
the discharge has taken place; it is not therefore any lateral 
c.xplosioii caused by the discSiai-ging rod. 

• 

* 31^' electroscope I employed is described in tlie Transactions 

of the lioyal Society for 1834, Part page ‘214. For more accu- 
rate lllc•ly^l^•elllent we should eniploy the eleclromcter. p. 213. 
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Exp. (o). — proves that the spark is merely a residual ac^ 
cumulation. • 

Exp. (p). (y). — prove that the spark is of different degrees 
of force, when the electricity i^ discharged from a greater or 
less extent of surface, whilst double, treble, &c., quantities, 
when discharged from double, treble, &c., surfaces, give the 
same spark. Now as no one can doubt but that the eflect of 
a double, &c. quantity should be greater than a single, &c. 
quantity, it is again evident that the spark is not caused by 
any lateral explosion from the discliarging rod; it being a 
well-established law, that the same quantity has the same 
heating effect on .wires, whether discharged from a great 
surface or a small one, from thick glass or thiri; some little 
allowance being made for the greatqr number of rods,,&c., 
when the surface is increased by an additional number of jars.* 
The effect therefore depending on the jar, Mr. Sturgeon had 
a greater chance with a small jar than with a large one. 

Exp. (r). — proves that the degree of tension in the rod is 
not of any consequence. 

Exp. (s).(O- — show, that no kind of lateral action arises 
during the passage of the charge. 

13. Mr. Sturgeon confounds this residuary spark, with the 
Earl of Stanhope’s experiments on induction: he observes, 
p. 176, “Viscount Mahon studied this kind of lateral dis- 
charge very extensively.” But any one who considers His 
Lordship’s work, will soon detect the fallacy of such a con- 
clusion. Lord Mahon shows, that when an electrical charge 
is about to pass from ja body M, fig 7, dii the direction C L, 
the action upon a near body N will displace^ome o£ its elec- 
tricity; hence a spaik will take place at E betM*een tnat bocfjr 
and another connected with the ground whenever the disr harge 
takes place from M, in consequence of the return of the dis- 
placed electricity. This effect His I.ordship termed the “re- 
turning stroke.” Now to apply this to the operation of a 
thunder cloud. Let M, fig. 6, represent a mass of cloud 
covering a portion of the earth’s surface N. Let c c be a dis- 
charging rod, and o some near body. Then by Lord Stan^ 
hope’s experi^nent the charged cloud M will displace from the 
surface N, and all the bodies on it as c c, o, &c. a portion of 
their natural electricity, which will again ret uni when the dis- 
charge has been effected. The conditions of Lord Mahon’s 
experiment cannot obtain between the -conductor cc and the 


* Philosophical Transactions for 1834. Part II. p. 225,*and 
Faraday’s Researches. ^ 
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l)tKly o, since they are both in the same forced state.* It is 
very easy to perceive, that the electrical relations of two 
bodies o and (k between the boards, is different from that 
between a conductor J, fig. charge^ with electricity, and 
a body B in its natural state; or that of a* conductor C, fig. 6, 
carrying off the displaced electricity of the lower plate N, and 
a body B. neutrbl. Besides, in Lord Mahon’s experiment, 
fig. 7, the electricity of ^the return spark is different from that 
of the primitive charge in M ; wbereas, in Mr. Sturgeon’s ex- 
periment, the spark is of the same kind. So little did His 
Lordship anticipate any objection to the use of lightning rods 
in consequence of his experiments, that he declares his con- 
viction of their passive operation, and reproves those who 

ignprantly conclude” that they are of a dangerous nature. 

14. We have been here discussing what the author calls a 
third kind of lateral discharge; but he mentions a first and 
second kind also. The first kind, he says, takes place at 
every interruption of a metallic circuit ; ” “ it displaces loose 
bodies,” &c. This is evidently the effect of mechanical ex- 
pansion, and is the very effect we avoid by means of a lightning 
rod. He alludes to Dr. IMcstley as authority on this point ; 
how unfortunate for his whole doctrine ! Let us consider for 
a moment what Dr. Priestley says: That the cause of this 
disfiersion of bodies in the neighbourhood of electrical ex- 
plosions is not their being suddenly charged with electric mat- 
ter^ is, I think, evident. 1 never observed the least attraction 
of these bodies toward the brass rods, through ithich the ex- 
plosion passed, although I used several inethods which could 
not f ail tejshow if. 1 even found that the explosion of a bat- 
^fery made ever so near a brass rod, did not so much as disturb 
its eleotric fluid; for when I had insulated the rod, and hung 
a pair qf pith balls on the end opposite to that near which the 
explosion passed, I found the balls were not in the least 
moved.t 

* This applies to Mr. Sturgeon’s Exp. (9). — If B fig. c, 3, were 
on the same insulation with the jar J and rod c, no spark could occur 
at o, except b^ a division of the charge, whatever qV^ntity passed 
througli c. llfis fact alone is conclusive of the point in question, 
proving clearly that the spark is not a lateral explosion. 

+ Tine reader will distinguish here between this experiment and 
Lord Mahon's. The latter relate# to the influence of a permanently 
charged conductor on a body neutral ; whereas Priestley’s ajjplies 
to the action of wires carrying A^anishin^ quantities of electricity, 
the very essence of Mr. Sturgeon’s expermient. Dr. Priestley would 
not Wave told us, had he brought his rod near the free side of his 
battery, tlmt then the pith balls were not moved. 
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We have seen how little support Mr. Sturgeon derived 
from Lord Mahon ; he obtains still less from Priestley, who, 
without any compromise, sweeps away hist whole theory. 
Lord Stanhope and Dr ^ Priestley, eminent amongst the phi- 
losophers of their day, will be doubtless admitted to be as 
good authority as Mr. Sturgeon. 

15. The second kind of lateral discharge ‘is, we are in- 
formed, "a radiation of electric matter from conduc<Jors carry- 
ing the primitive discharge.’^ *It takes place, the aufhor says, 
from edges, and that hence sharp edges of metal carrying a 
flash of lightning would discharge necessarily a great quantity 
of fluid into neighliouring bodies.” No author is pressed into 
the service on this occasion, and for the best possible reason, 
no accredited writer has ever treated of such a phenompnon 
as applying to a lightning rod. It is in fact applicable only to 
charged conductors. Thus ragged or pointed rods attached 
to the prime conductor of the electrical machine exhibit brushes 
of light, whilst other similar bodies, within their influence, 
have the appearance of stars. The lights on steeples, and on 
the sail yard and masts of ships, mentioned by Pliny, are of 
this kind. Franklin explained these phenomena, and showed 
that pointed bodies were favourable to the rapid dissipation of 
electrical accumulations, and, as is well known, availed himself 
of the important fact in his application of the pointed light- 
ning rod. How Mr. Sturgeon has contrived to associate this 
effect with the effects of discharges of lightning through con- 
ductors it is difficult to say. It is certainly a very strange 
confusion of things. ,That the effect i» question has nothing 
to do with a sharp or round edge, or angulaf’discha^ges, may 
be shown by the following experiments : — * 

(m). Dr. Priestley discharged a battery over a wire circuit ' 
perfectly straight, and also over the same circuit passed about 
pins so as to make sharp angles : — the result of the charge on 
fusing a given length of wire was not influenced, which could 
hardly have been if the angular portion had thrown off or 
discharged into the neighbouring pins, &c. any of the charge, 
it being well known that the least diminution of quantity is 
fatal to a dqlffcate experiment on the fusion of wire. 

(u). Discharge a given quantity of electricity by a continu- 
ous rod free of edges, through a wire passed through the ball 
of an air thermometer, and also by a similar rod with ragged 
edges, placed near other nietafilic masses : the effect on the 
wire remains unchanged.* 

» 

* For a description of this instrument, termed an (.dectro-ther- 
inoineter, see Transactions of the Royal Society for 1837, p. IS. 
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• It is not difficult to perceive the distinction of the two cases 
just alluded to. If Dr. Priestley had insulated his wire, and 
then charged it in the ordinary way, brushes of light would 
doubtless have escaped from.the angplar portions ; whereas 
the wire when acting as a discharging circuit can exhibit no 
such appearance. 'J'he electricity is then evanescent, and by 
a law of electrickl action determined rapidly toward the nega- 
tive surface. Many facts might be adduced conclusive of this 
point, but it seems scarcely worth while to dwell longer on 
it. ® 

16. The great end which the aulhor proposes to himself in 
this memoir, is an exposition of the danger attendant on my 
method of fi3?ed lightning conductors for ships, successfully 
tried^in the British navy for upwards of ten years ; — with a 
view to a substitution of an untried method of his own. It 
may be worth while, therefore, in conefusion, to see whether 
the objections he so strongly insists on, do not equally apply 
to his own conductors as well as to mine, and, in short, to 
lightning conductors generally. 

17. Ill the first place, he tells us (see 191.) that it is pos- 
sible for the most spacious conductor that can be applied to a 
ship to be rendered sufficiently hot by lightning to ignite gun- 
powder.” 

IH, In the next place, he says, (202.) that the lateral dis- 
charge will always take jilace when the vicinal boilios are ca- 
pacious, and near the principal conductor or any of its me- 
tallic appendages.” This was the case, he says, when only 
his small jar was mied, and with this small jar he could 

K luce ^teral discharges at a distance of fifty “ feet from the 
nt discharge.” 

19. ©Thirdly, he tells us (203.) that the magnitude and 
intensity of a flash of lightning being infinitely greater than 
anything which can be produced artificially, the lateral dis- 
charges must be proportionally greater that is to say hi fi- 
nitely great. 

20. Taking these data as true then, it follpws that any 
lightning conductor carrying a flash of light nin^^ would at an 
infinite distance, produce a lateral explosion injmifely great, 
and of course *do an infinite deal of mischief. Hence, every 
powder magazine having a lightning conductor, every ship 
with a lightning chain in her rigging, should whenever light- 
ning struck the conductor be^eslroyed; for in no case is the 
conductor at one third the distance from the inflammahle 
matter, of that, at which Mr. Sturgeon can produce a lateral 
discharge with a jar of "only a quart capacity,” viz. "oO 
feet.” , 



S20 Mr. Harris, on Lightning Conductors* 

f 

21. But Mr. Sturgeon proposes to apply cylindrical coppel- 
rods in the rigging; their upper extremities to he attached 
to the tops, &c. &c.,” “ their lower extreraitieo to the chains 
of the shrouds,” and be united “by broad straps of 
copper to the sheathing,” that is to say, by conductors with 
edges, which he says throw off the charge into neighbouring 
bodies ; this too after having told us, that the most spacious 
conductor may become red-hot, and ,that lateral discharges 
always take place when the vicinal Imdies are capacious, and 
near the principal conductor or any of its metallic appendages. 
Under such circumstances what is to become of the rigging, 
sails, masts? wilKthey not be set on fire? Are not the 
massive iron hoops and other metals about the masls, the 
chains of the shrouds bolted through the ship’s side,, and 
other metallic bodies ui the hull, such as bolts, tanks, chain 
cables, &c. &c., vicinal capacious bodies, and reaching by 
interrupted metallic circuits up to the very magazines Mr. 
Sturgeon talks so much about ? Must not a ship with such 
conductors be necessarily destroyed ? Surely he must give 
the British Association and the learned bodies of Europe and 
America, &c., very little credit for philosophical penetration, 
if he thinks they will not immediately discard such philosophy 
as this. 

22. Either his “ theoretical and experimental researchfes” 
are true, and his system of conductors fatal and absurd, or 
otherwise, if his conductors be good for anything, then his 
theoretical and experimental researches are good for nothing. 
He may adhere eithejr to the one or the other, but he cannot 
have both ; such is the reductio ad adsurdilm in w^j^ich he is, 
involved. 

Mr.^ Sturgeon’s anxiety to arrive at conclusions unfevour- 
able to my conductors, has led him to conclusions subversive 
of all conductors, his> 0 fr ;2 especially, 

23. The mere circumstance of finding his “ third kind of 
lateral explosion” decrease in power, by uninsulating his jar, 
might alone have led him to doubt the accuracy of his de- 
duction. On, so important a point, and before he ventured 
to awaken tjre prejudices and fears of the uninformed, we had 
a right to expect at his hands a profound scientific inquiry. 
He should, at least, have tried whether he could not get this 
spark after the main charge had passed {m) as well as at the 
apparent time of passing. Th4’ quantity of electricity should 
have been accurately measured, and its efiects in producing 
the spark determined, both in relation to the quantity and 
surface over which it was distributed (p). The form 'and 
dimensions of the discharging conductor should have been 
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.varied (r). The final electrical state of his apparatus, as also 
the electricity of the spark, should in common prudence have 
been examined, (A:), together with other manipulations quite 
inexcusable tcT neglect on such an .occasion. He has how- 
ever, failed in everything fialculatcfl to give value to his 
inquiries, as I think has been fully shown. They are hence 
not entitled to the smallest confidence, and it is not a little 
extraordinary that he should have done so, whilst taking 
credit to liimself for superior^agacity ^ and an acquaintance 
with facts of which h» says I did not seem to be aware,” 
e. g. the most common-place facts in electricity. 

24. In conclusion, I have no hesitation in giving it as my 
confirmed opinion, after a long and sev*ere examination of 
the laws of electrical action, and of cases of ships and buildings 
struck by lightning that a lightning rod is purely passive, 
that it operates simply in carrying off the lightning which 
falls on it, without any lateral explosive action whatever, I 
do not deny the general inductive effect mentioned by Lord 
Stanhope on bodies oppoS|d to the influence of the thunder- 
cloud, and that the displaced electricity will again find its 
equilibrium of distribution, and return to those bodies, which 
effect would necessarily take place, whether we had a light- 
ning rod or not (13); an additional reason for linking the 
detached conductors in a ship’s hull into one great mass, so 
as*to have as few interrupted circuits as possible in any 
direction. 

This opinion, by the citation of a few striking cases in 
which ships have been struck by lightning, I hope in a future 
paper fully to sujjstantiate, should you think the subject of 
^ufficien^ consequence.* 


• Appendix. 

The author, probably perceiving how little he had gained 
by quoting Lord Mahon and Dr. Priestley, observes, in a 
supplementary note, page 235, Perhaps the experiments of 
Professor Henry would be more to my purpose.” These 
experiments, however, are no more to his ‘^]^|rpose” than 
the others, as any one may see who will examine the Pro- 
fessor’s communication, in the seventh report of the British 
Association, page 25. The experiments there described relate 
to minor electrical discharges^ similar to those already men- 
tioned (f). These were qbtained by throwing simple sparks 

C* shall be most happy to receive and insert any further 
comiTiunication from Mr. Harns.— Edit] 

VoL. IV.— No. 22, January^ 1840. Z 
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from an electrical machine, on small wires or rods, either 
insulated or connected with the earth : the wires became lumi-* 
nous and the rods emitted sparks. In this case, aS Professor 
Henry observes, the electricity of the machine must be con- 
sidered as free electricity ; and «s the bodies on which they 
fell were ail in their natural state, the spark is immediately 
thrown oiF as a lateral discharge. Whether insulated or not, 
the electricity of the body is evidently acted on by induction, 
before the spark can be dis^ibutea.over it or thp earth. 
Hence, when sparks of about an inch Jong are thrown on the 
upper end of a lightning-rod, or other metallic body passing 
into the earth, the induction upon the rod and earth requiring 
a short time for its* development, a spark is thrown off upon 
any adjacent conductor in a state to receive it. Such experi- 
ments, therefore, apply only to small quantities of electricity 
suddenly thrown upon# conductors in a neutral state. This, 
as I have shown, (13, figure 6,) is a distihct case from that, 
in which a charged surface throws off its redundant electricity 
upon an opposite surface eager to receive it through a con- 
ducting-rod sharing in the electrical state of that surface, and 
which is consequently prepared already by induction to dis- 
charge it. One might be led to infer, from the particular 
description given by the author of this experiment, page 235, 
that sparks had been obtained from a lightning-rod at the time 
of its conveying a discharge of lightning. It may not be aiftiss 
to add, thaft Professor Henry did not consider these experi- 
ments as applicable to lightning-rods ; and that in accordance 
with the opinion of Biot, he thinks the spark observable at 
‘ the time of discharging a jar— that is; Mr. Sturgeon’s mxo 
fact — is entirely owing to a small quantity of r^dimclant elec- 
tricity always existing on one side of the jar, as *1 have alreac!^ 
stated/ (/), and not to the tahole charge, • 

I am, Gentlemen, 

* Yours, &c. 

W. Snow Harris. 


Plymouth^ Nov, 5, 1839. 


^ Westmorelanc^. Cottage, 

December 2, 1839. 

My dear Sir, 

I have read your, preceding p^per very carefully, under the 
expectation of finding some close dispassionate reasoning 
from the pen of ^one who has so deservedly the reputation of 
being an indefatigable experimenter in electricity. 1 expected, 
also, from the title of your paper, that you would have i%vc$- 
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ligated my fourth memoir, paragraph by paragraph, in the 
same uniform manner in which they are arranged; pointing 
out their correctness or incorrectness, in a manly and 
scientific ordeK But, although I ^ have been sadly disap- 
pointed in this particular^ 1 atn yet w tiling to believe that the 
next time you attempt to investigate any of the results of my 
enquiries, your present irritation will have subsided; and that 
you will see the necessity and importance of keeping close 
to your »ul[)ject: for no irritated man can be expected to rea- 
son well. • 

I am exceedingly sorry to find that you think I have 

laboured hard to invalidate” your experiments which were 
shown to tha Navy Board, at Plymouth, and the British As- 
sociation, at Liverpool, &c., when no effort of the mind was 
necessary for the purpose. No electrician need labour hard” 
to show the deceptive character of those experiments ; nor 
would it require much effort of the mind lo come to the con- 
clusion that those experiments were either intended to 
deceive, or that their author was sadly abroad from his sub- 
ject. It would be impossible for me to know which side of 
this dilemma you mean to choose: but I hope you will be 
enabled to clear up this point and that without delay; for 
upon this point alone hangs much of your credit (which 1 
hope never to see sullied) as an electrician and a philanthro- 
pist, My only motive for reviewing your illustrative experi- 
ments was that of placing them in a proper *llght,” and 
I can never expect that you will object to an examination of 
your illustrations of a topic of such deep interest as that of 
marine lightning-conductors, where thousands of brave men’s 
Jb'es areteith^r lo be protected or placed in wanton jeopardy. 
Think seriously on the importance of this >sul)ject before you 
ventufe one step farther in your project, and allow candour 
and experience to be well weighed in your mind on this mo- 
mentous occasion. No one would have? been more delighted 
than myself had your long paper shown anything like dis- 
passionate controversial argument with close adherence to the 
subject; instead of which 1 am sorry to say, y)u*have indulgetl 
. in blunt and useless asperities which are foreign to scientific 
dis^ssion, atid fatal to the progress of all ratiohal pursuits. 

You must excuse my discussing the various parts of 
your paper individually, at this moment, as my duties 
press Uk) closely on^my ti|ne to give them pro])er atten- 
tion. I can only now repeat that 1 am much disappointed at 
your imt touching on the most vital part of my memoir, nor 
of producing any argument in favour of your favourite plan of 
marine lightning conductors. In the next number of these 

Z2 



324 


Oil Lightning Conductors, • 

Annals you may expect a full and ample analysis of your 
paper: at present I will merely offer a few questions for your 
solution, which, as a gentleman and electrician, you will un- 
doubtedly attend to. , * 

Have I, or have I pof, given ft fair and candid explanation 
of your experiments before the Navy Board, at Plymouth ? 
(Fourth Memoir, 176, 177, 178, 179). 

Have I, or have I not, pointed out other experiments which, 
as an electrician, you ought to have made the'^Navy Board 
acquainted with in such an important enquiry ? (180). 

Do you mean to be considered a philosopher, or a necro- 
mancer, by endeavouring to persuade the British Association 
that your blowing asunder two pieces of wood gunpowder , 

was a true representation of the effects of lightning on a 
ship’s mast? (181). • 

Have you, or have you not, made any other experiments 
to show the superior efficacy of your proposed conductors? 

Have you, or have you not, made yourself well acquainted 
with atmospheric electricity by a long series of kite experi- 
ments? 

To what kind of electrical action do you allude the bursting 
of the iron hoops of the mainmast, &c., of the Rodney y and 
the springing of the nails, and displacement of the lead of 
the lantern of the dome” of the Hotel des Invalidesf 
Which dp you think most prudent, to endeavour to lead 
lightning into the ship, or to endeavour to keep it out of the 
ship? 

These are plain simple questions, and require nothing more 
than plain, simple, and unequivocal answers^^ 

I am, dear Sir, t • 

Yours very truly, 

• W. STURGEON. 

To W. Snow Harrigy Esq. 

P.S. I hope you will perceive that I have no motive in 
this great qu^tion, further than that of eliciting truth and 
protecting our- brave tars from the most formidable of all 
nature’s elentents : and you may depend upon ipy giving you 
every advantage that these Annals will afford, to support the 
plan which you have proposed. You will acknowledge that 
1 have hitherto been candid in ^lis particular, by transplant- 
ing your paper from another Journal to the Annals ; and as 
it is possible that yonr letter of th8 15th of September may 
have some weight in your favour, I now offer it to the perusal 
of our readers. W. S. • 
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Plymouth, September, 15, 1839. 

Dear^Jir, 

I have nevA received the papers on electricity alluded to in 
your letter of the 12th instant, and' with which I have been 
duly favoured. 1 do not think any' communications of 
the kind were; received for the Physical Section, of which I 
was one of the Secretaries at the last meeting of the British 
Associai^ibn, at Birmiugham ;,at least, if they were, I know 
nothing about it. I cannot understand how any one acquainted 
with the nature of ordinary electrical discharges, and conver- 
sant with the practical results on the great scale of nature, 
can at all dissent from the simple and plafin method I employ 
lor guarding shipping against lightning. However, you seem 
to think my scheme a dangerous one ; and 1 will allow that 
your opinions are entitled to much consideration ; you have 
entered with considerable ability and skill into electrical 
actions, and you have my best acknowledgments of your 
talents. I cannot say as much for those who have been lately 
engaged in the illiberal crusade against me and my opinions, 
in London. But as I do not in any way care for, or value 
what they say, I do not think it worth my while to notice 
them. Mr. Clarke, Mr. Roberts, with a few ignorant naval 
men, are quite welcome to visit the Polytechnic daily for the 
pufpose of depreciating my labours, and may publish as many 
pamphlets for circulation at the different bridged in London 
as they please. That is a mode of proceeding which must 
eventually recoil on themselves ; to say nothing of its being 
unhandsome, illiberal, and uncalled fgr. I must say I was 
not a litUe anyio^ed at finding you associated against me wuth 
others ; since I had always from the time I first met you at 
Ojwfoi^, at the meeting of the British Association, thought 
we were on better terms; and that any difference about a 
philosophical subject might have been settled between us in a 
better way. However, I cannot help it. 

Well now, you say you are about to publish some conunu- 
nications which are to point out the danger of- my system of 
defence from lightning. I cannot possibly hdve any objection 
to this. I oqly hope you will be careful to inform yourself 
respecting the true state of the question, and not misrepresent 
me as others have done (unintentionally it will be I have no 
doubt). You will excuse, I am sure, my saying, if 1 may judge 
by your letter, that ydii have-not examined the question faith- 
fully. Let me, therefbre,*put you in possession of a few^ points 
as it may probably save both of us trouble. Like some others 
you begin by assuming that I have overlooked some import- 
ant facts •connected with discharges of lightning. Perhaps 
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the contrary may be found to be the case and that those who 
oppose me have mistaken 'the road ; and I think t see where 
the mistake made by those who talk of dangef from a lateral 
discharge lies. However, of this more by-and-bye. 

I beg you to observe that you are quite wrong in supposing 
that my conductors pass through the magazines.* why I 
never cfreamt of such a thing ; neither do they exclusively go 
into the body of the hull ; sinpe large,metallic banfl| lead off 
under the deck to the iron knees, &c^ in the side. My object 
has been to connect all the masses of metal in the hull, and 
the conductors on the masts into one general system, so as to 
admit of a general and rapid distribution of the fpsing charge 
without explosion or damage^. 

You say there is an apparent intention to introduce niy 
couductors in the navy.” Are you not aware of the of 
the conductors hairing been used in the navy for the last 12 
years or more ? Why they have been fitted in six frigates, 
many line of battle ships, and smaller craft. Men have been 
exposed to lightning in all parts of the world — South America, 
Tropics, Coast of Africa, Mediterranean — some have been 
struck by lightning. I understand in the late inquiry which 
the government ordered with a view of examining the success 
of my plan, that extremely valuable evidence has been ob- 
tained from naval officers in command of their ships, and 
from others who have been exposed to lightning under various 
circumstances. It is, I am told by. the Secretary of the Admi- 
ralty, very voluminous, will be printed and laid before Par- 
lament. J do not kiyow the amount of -it myself, !)ut I think 
it would be as well to examine the documents beforcr we enter 
upon the public discussion you have marked out ; as to mere 
opinion it will go for nothing any way ; and you musv go to 
facts. Allow me to call your attention to the Nautical Mag- 
azine, No. 2, for February last, 1839, for the actual effects of 
lightning on three ships of the navy ; and if you will go to 
Mr. Payne, at the Polytechnic, he will show you the diagram 
I left there, illustrative on a large scale of those effects. Tell 
me, where was the calorific and lateral discharge to which you 
allude in thyi case ? If we could meet and exapiiiie this sub- 
ject together experimentally, I believe we should soon settle 
the difference. Whatever I may be induced to do by way of 
reply to anything you advance, will be simply an appead to 

faets. I possess a great body of evidence from a history of 

• 

* Will Mr. Harris say that not one of his conductors passed 
through the powder n»agaziiie of H. M.S. Java ? See £ieut. 
Green's Letter, p. 329. Edit. 
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' cases of lightning on ships which bear out my views ; but I 
certainly shall not write anything until I see the result of the 
inquiry and ihvestigation lately instituted by the Admiralty. 
I think you would do well not to advance anything without a 
pretty close appeal to experience. I ‘shall always consider 
that I have Jicen illiberally treated by many persons in this 
affair^ as you would say if you knew all. 

• • I ajn^ de^ Sir, 

• Yours faithfully, 

W. SNOW HARRIS. 

7b Sturgeon^ Esq. 


XL. On the effects of Lightning on ILM,S. Beadle. 

By Lieut. Sutway. hi a letter io the Editor, 

Hushing, near Falmouth, 

October 9, 1839. 
Sir, 

Having considered your communication in the Annals of 
Electricity, on marine lightning conductors, containing ob- 
servations on the stroke of lightning which fell on the masts of 
H.M.S. Beagle, I thinkit fair, both to Mr. Harris and the naval 
service, to describe the phenomenon I witnessed on that 
occasion ; first stating that at the time of my joining the 
Beagle in 1831, previously to her leaving England, I had no 
acquaintance with Mr. Hams, and certainly no in favour 
of the conductors With which the slyp was fitted. I may, 
therefore, claiih to be considered an impartial observer. 

At the time alluded to, I was first Lieutenant of the Beagle, 
and W as attending to the duty on deck. She was aj anchor 
off* Monte Video, in the Rio de la Plata, a part of the world 
very often visited by severe lightning storms. Having been 
on board H. M. Frigate, Thetis, at Rio Janeiro a few years 
before, when her foremast was totally destroyed by lightning, 
my attention was always particularly directed to approaching 
electric storms, and especially so on the occasion alluded to, 
as the storjn was unusually severe. I'he fla|hes succeeded 
each other m rapid succession, and were gradually approach- 
ing ; and I was watching aloft for them when the ship was 
apparently wrapt in a blaze of fire, accompanied by a simul- 
taneovs crash, which was ^qual, if not superior, to the shock 
I felt in the Thetis ; one of the clouds by which we were enve- 
loped, had evidently burst on the vessel, and as the mainmast 
ajJpeared for the instant to be ii: a mass of fire, I felt certain 
that the lightning had passed down the conductor on that 
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mast. The vessel was shaken by the shock and an unusual 
tremulous motion could be distinctly felt; as soon as I had 
recovered from the surprise of the moment^ I ran down below 
to statedly hat T saw ancl tp see if tbe conductors below had been 
affected^ and just as ( entered the gunroom^ the purser, Mr. 
Rowlett, ran out of his cabin (along the beam of which a 
main branch of the conductor passed), and said that he was 
sure the lightning had passed down the conductor, for at the 
moment of the shock h^ heard a sound like rushing water 
passing along the beam. Not the slightest ill-consequence 
was experienced ; and I cannot refrain from expressing my 
conviction that hadit not been for the conductor, the results 
would have been of very serious moment. This was not the 
only instance, when we considered that the vessel had been 
saved from being damaged by lightning by Mr Harris’s con- 
ductors ; and*I believe that in saying 1 had the most perfect 
confidence in the protection which those conductors afforded 
us, 1 express the opinion of every officer and man in the ship ; 
and as Captain Fitzroy’s opinion must have much greater 
weight than mine, from his superior knowledge on the subject 
of electricity, I cannot refrain from copying his opinion of the 
conductors in the Beagle, which is published in his appendix 
to the Beagle’s voyage. 

‘^Previous to sailing from England in 1831, the Beagle 
was fitted with permanent lightning conductors invented by 
Mr. W, S. Harris, RR.S. 

“During the five years occupied in the voyage she was fre- 
quently exposed to lightning but never neceived the slightest 
damage, although supposed to have been stifick by it on, at 
least, two occasions ; when at the moment of a vivid flash of 
lightning, accompanied by a crashing peal of thunder, a 
hissing sound was heard on the masts, and a strange though 
very light tremulous qjotion in the ship, indicated that some- 
thing unusual had happened. 

“The Beagle’s masts, so fitted, answered well during the five 
years’ voyage jibove mentioned ; and are still in use onboard 
the same vessel on foreign service. 

“Even in such small spars as her royal masts and fly ingjib- 
boom, the plates of copper held their places firtnly, and in- 
creased rather than diminished their strength. 

“No objection which appears to me valid has yet been raised 
against them ; and were I allowed to choose between having 
masts so fitted and the contrary, J should not have the 
slightest hesitation in deciding on those with Mr. Harris’s 
conductors. c 

“Whether they might be further improved, as to position 
and other details, is for their ingenious inventor to consider 
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And determine. He has already devoted so many years of 
valuable time and attention to the very important subject of 
defending ships against the stroke of electricity, and has 
succeeded so well for the benefit of o^ers, at great inconve- 
nience and expense to himself, that it is earnestly to be hoped 
that the government, on behalf of this great maritime country, 
will, at the lea*st, indemnify him for time employed and pri- 
vate funds expended in a public ^rvice of so useful and 
necessary a character.*^ • ^ 

Not being sufficiently acquainted with electrical experi- 
ments, I cannot remark upon those you have adduced in 
support of your opinions detrimental to Mr. Harris’s conduc- 
tors. I canj therefore, only repeat my conviction that the 
Beagle was struck by lightning in the usual way, and certainly 
without any lateral explosion or other ill eflects, similar to 
those you insert in your Annals of Electricity. 

1 am. Sir, 

Your obedient servant, 

B. T. SUTWAY, 
Lieut. R. N. 


Observations, 

Lieut. Sutway’s description of the lightning rods on the 
Beagle is obviously of a very different character to that given 
by Capt. Fitzroy, and certainly much more favourable to the 
idea of the ship being struck than given by the latter officer. 
1 consider Lieut. description of the occurrence exceedingly 
valuable^ for it te the minute detail of fhe effects of lightning 
lhat we are most in want of, and it is much to be lamented 
that our data on this momentous topic is yet so scanty. ^ There 
is nothing, however, in this letter that can in the least affect 
my statements regarding the electrical 4 )rinciples that would 
be brought into play by flashes of lightning striking vessels. 

W. STURGEON. 


XLI. On Snow Harrises Lightning Conductors^ as 
applied to Shipping, In a letter to the Editor. By W. 
Pringle Green, Lieut. R.N. 

i, James Street Adolphi, July 18, 1839. 
Sir, • 

An important epoch has arrived in practical electricity by 
the* Government appointing a committee to determine on the 
subject gf fixed conductors, fitted to the masts of several of 
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her Majesty’s ships, passing through the hull aiid after-maga- 
zine. Having in the year 1822, on the scheme being 
introduced into the Navy, by order of thfi Navy Board, 
opposed its adaptation^iupon incontrovertible evidence, 1 am 
again prepared to show, its being an ill- copied plan of Mr. 
Marrot, published in 1812, in the Naval Chyonicle, Vol. I, 
p. 201 , and the extreme danger of such conductors, proved, by 
experiment, and a mus of electrical phenomena > and by 
my representation of tnese facts the then existing Board of 
Admiralty countermanded the N. B’s. order. As this plan has 
been introduced into the Navy, and the necessity of investi- 
gating a matter of'*such vital importance to the state at this 
time, needs no comment: as £ do not believe it possible 
otherwise than by a perusal of the account of experiments 
made at Plymouth of my queries and experiments; and 
a review of my researches during 35 years in every quarter of 
the globe, illustrated by drawings, for the most experienced 
theoretical electrician to give a coiTect decision. I am, there- 
fore, desirous to put you in possession of the whole of this 
matter, upon which I take my stand.* At this moment the 
subject acquires a great interest throughout the Naval Ser- 
vice, and very gross deception has been, and continues to be, 
practised upon that service and the public, at a heavy cost to 
the nation, by making experiments which seems to demand 
the protection of the public press. 

I have the honour to be. Sir, 

Your obedient servant, 

W. PRINGLE GREEN, 
Lifeut.R.lSr. 

* Lieut, Greenes Queries, 

« 

1. Will not the ^superabundant electric fluid from the 
spindle in the truck, which passes six inches into the body of 
the mast, explode and destroy it ? 

2. How is the spindle to be substituted when the top- 
gallant mast is dn deck, which is generally the case in stormy 
weather, the. cap has much iron about it this beipg the highest 
point ? It is not possible to place the spindle and connecting 
copper across the cap, without being in contact with much 
iron about it. Will not this iron draw off the fluid and cause 
an explosion ? Add will not t^e nails in the copper strips 

I 

* We have in our possession much valuable information on this 
subject from Lieut. Green, but only give a few of that Officer’s 
queries in this place. Edit. * 
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clo so ? If t^ese conductors^ such as the proposed^ are suffi- 
cient safeguards, when passing through a ship, how is it that 
Heckenham Poor-house was set on fire though it had eight 
of the largest and most approved c<»nductors placed on the 
outside ; and what must have been the tesult had they passed 
through the building? As conductors can be surcharged, 
broken, and &sed, and electric fluid becomes sensible in the 
form of^* spark upon |he surface, a^d, as it has been shown 
by experiment, streams of tfame are sometimes conducted 
along the surface of a conductor ; are not these facts alone 
sufficient proof, that it is dangerous to conduct these electric 
streams through a ship’s poivder magazine^ When the 
electric fluiJl is sensible in the form of a spark or sparks, or in 
such streams, and conveyed by the conductor to the inflam- 
mable air in the bottom of a ship, wil^it not cause ignition of 
this imflammable air and and bum the ship ? Hydrogen is 
put into a gaseous state by the agency of electricity, and the 
bilge water would be decomposed into oxygen and hydrogen 
gas and instantly blaze. Will not the electric sparks which 
form upon the conductors pass off to the iron tanks and iron 
ballast, and may it not explode under the powder magazine 
where it is conveyed by iron ballast ? 

3. How is it to be presumed that conductors, such as the 
pfoposed, can guard a ship from a stroke of lightning when it 
is known that a single flash fused a conductor nn the main- 
mast, shivered the foremast, splinters distant parts of the 
deck, and a sufficiency of the electric fluid passes down 
below, destroying bulk -heads and fushjg a betr of metal there. 
The spjre topiflasts and topgallant masts being fitted with 
conductors, and placed in the centre of the ship, as is the 
custmi in all her Majesty’s ships between the fore aijd main- 
mastg, pointing both to the quarter-deck and forecastle, on 
which the officers and crew are always in considerable 
numbers. Will not these people be killed by a discharge 
from these longitudinal conductors ? 

4. Should the conductor convey any portion of the fluid 
to the bolts in the keel touching the copper sheets on the 
bottom, will it not pass along the bottom and knock off the 
remainder, and will not these bolts be driven out and the 
keel split ? What will be the expense to complete the Navy 
with such a scheme ? Upon a very moderate estimate it will 
require £500. to dock and dbmplete each ship, and £300,000. 
be required to completes the whole Navy. I’hat there is not 
the smallest difficulty attending the hoisting up a chain cqn- 
dimtor, it is a fact, for one man and a boy can accomplish 
this ; and when up and lastened to the back-stays, it cannot 
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be injured though it remain up for a voyage. Jn what does 
the plan differ from Mr. Singer’s, proposed ninef years pre- 
viously, who first put bolts through the keel, •or those thirty 
years ago in use in the French Navy ; both being abandoned 
by the inventors as chimerical and dangerous in the extreme. 

As long back as Capt. Cook’s being at Java, in the En- 
deavour, in 1709, the dangerous effects of spindles in the 
mast of ships are recorded by Mr. G/een who acdbppanied 
him. During a storm of thunder and lightning and rain, the 
mast of a Dutch Indiaman was split ancLdestroyed from the 
spindle to the deck. So great was the shock, that consider- 
able fear was entertained for the safety of the Endeavour, as 
the explosion shook her like an earthquake; proving that it is 
not only the ship or building to which a conductor is affixed, 
that is endangered, bujt all for a considerable distance around. 
If a single spindle can invite so powerful and dangerous an 
agent, how much greater must be the stroke in presence of 
three of them such as are placed in the masts of her 
Majesty’s ships, in ordinary at Plymouth. A link of 
the chain conductor such as used at sea is put over the 
massive spindle and continued to the water. The first experi- 
ment made was to prove the danger of such a scheme. A 
model being produced, and the spindle exposed to an ordinary 
discharge of the fluid from the battery, the chain was instantly 
fused by thc' lateral discharge, and the mast splintered, prov- 
ing the danger of the plan, and that the strips of copper of 
the fixed conductors to the masts of ships would be fused from 
the spindle. ^ • 

A mast thus splintered and set on fire \fr>uld in^plve the 
ship in destruction. It has been asserted by the suggester of 
this scheme, that although the fixed conductor had been cut 
through by a saw, or a break made in it, this would npt im- 
pede the passage of J;he fluid. That sparks were passed 
through gunpowder without igniting it, and that electric fluid 
is always transmitted along the surface of conductors.” 

2nd, Ex. A copper conductor was passed through the 
centre of the magazine of a ship fitted after the plan in ques- 
tion, precisely as H. M, Ship Java was fitted^ with the ex- 
ception of it being nailed to the mast. The conductor was 
cut through to represent the break said to be made in the one 
fixed to the mast of the cutter, in the public experiment, 
powder placed near to the fracture, in a shock being passed 
through the conductor instantly ignited. A greater charge 
was then sent through the conductor which was instantly 
melted, globular metal being produced. Several other expe- 
riments were made to exemplify more satisfactorily the fusion 
of conductors by lightning. 
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• XLITI. MISCELLANEOUS ARTICLES. 

Letter to the Jiditor of the Annals of Electricity, Sfc,, ^c. 
From the Rev. N. C Allan, Professor of Natural PhilosophJ^ 

Maynooth College, Nov. 11, 1839. 

Dear Sir,, 

I have read, within the last week, a letter from Professor 
Forbes, Aberdeen, tp Dr. Faraday, in which he states that 
Mr. Davidson, of Abeijleen, has been eminently successful 
in the production of a moving power by electro-magnetism ; 
and that Mr. Davidson “ is the first who employed the electro- 
magnetic p^wer in producing motion by* simply suspending 
the magnetism without a change of the poles. This, he says, 
Mr. •Davidson accomplished about two years ago.” I believe 
I may fairly dispute Mr. Davidson’s cliiim to be the first who 
employed that method of applying electro-magnetism as a 
moving power. It is about two years since I first constructed 
an electro-magnetic engine for the production of motion, in 
which there was no reversion of the poles of the magnets, but 
only a suspension of their magnetism. In a letter of mine, 
dated February 20, 1838, and published in the Annals of 
Electricity, on the first of April, in the same year, I refer to 
three different electro-magnetic engines which I had then 
m^de. In one of these there was no reversion of poles ; but 
only a suspension of the magnetism. I have •since made 
several engines on the same principle. I made one in August, 
1838, for the Right Rev. Dr. Carew, Coadjutor, Bishop of 
Madras, which he lu-ought with him tg India, for the use of 
his Sem^ary. Tn this there were two magnets ; the motion 
was produced not by a reversion of poles, but by a suspension 
of thu magnetism. In the commencement of the 4 )resent 
year, I made one on the same principle for the College. It 
worked very well, although it containedK)nly a single magnet: 
it was exhibited to my class last February. Within the last 
two years I have maae a great variety of machines for the 
production of motion by electro-magnetism.- In some of 
these the poles were reversed ; in others, the magnetism was 
only suspenc^d ; and in others, the magnetism was constantly 
maintained. In some the motion produced by the magnetic 
force was rectilinear, and, of course, a crank was employed to 
convert the rectilinear into a curvilinear motion : in others, a 
rotary motion was dfrectly (Produced by the magnets. The 
crank engines differed* from all the" crank engines of 
which I have seen any description, in this respect, that the 
length of the stroke might beaten or twenty feet if necessary. 
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without any cUminutioA of the moving power of the magnets. 
The immediate publication of the results of my experiments 
would be premature as some still remain to be made. I 
intend soon to make an engine of considerable power. My 
experiments give me every reason to think that, with a given 
battery, the moving* force of each magnet, in that machine, 
will be at least eight or ten times as great as it would be if 
the magnet were placed in an engine constructed on the plan 
of Professor Jacobi. I do^otlgiow thaplan of Mr. f)Avidson, 
and therefore cannot compare it with mine. The moving 
force which he obtained appears to me very small, when I 
consider the size of the battery employed. However, that 
may have arisen fitom a defect in the construction of the 
machine rather than from any defect in his plan. He cer- 
tainly deserves encouragement. I agree with Professor 
Forbes that " it woulA be much for the interest of railroad 
proprietors,” aiid still more for the interest of companies who 
use stationary engines, io take up the subject ; and to incur 
the expense of making experiments, on a large scale, on the 
best method of applying electro-magnetism to the working of 
machinery. I am fully convinced by the experiments of 
Professor Jacobi and of Mr. Davidson, and still more by 
my own, that electro-magnetism will ere long be substituted 
for steam. I intend to send you, as soon as convenient, an 
account of the principal experiments which I have made for 
the purpose of ascertaining the best means of employing 
electro-magnetism as a moving power. * 

1 have the honour to remain, 

your very obedient humble servant, 

^N. CALLAN. 


Method of distinguishbig the Jlrsennretted^ from ihe^Anti^ 

" moniuretted Hych'ogvn Gas, By Puofessor Max, 

The metalluretted hydrogen gas for .examination being 
ignited at a jet, a piece of porcelain is held over it till a dark 
speck is produced. The speck is then moistened with a drop 
of nitro-inuri^tic acid. Then by adding a drop of the aque- 
ous solution of sulphuretted hydrogen a precipitation takes 
place. If the tested gas be arsenuretted hydrogen the preci- 
pitated substance is of a pure yelloio colour : but if it be 
antimoniuretted hydrogen the precipitated substance is of a 
deep orange colour,^ The difference of colour is so distinct 
that no one can mistake the one from the other. The whole 
process is exceedingly simple and may be performed in a 'few 
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minutes. Poggendorff^s Annallen des Physic aTid Chemie^ 
No. 3, 1838. 

The foUo^^ing method has lately been given by Mr. Marsh. 
The piece of gltss or porcelain intended to receive the metal- 
lic crusts is to have a drop of distillad water placed on it : 
and then, with the drop of water on the lower surface, held a 
little above the^ apex of the cone of flame of the burning gas 
which is issuing from the jet. If arsenic be the metal in the 
hydroge^,* arsenical aci^ formed by this process is dissolved 
by the drop of water, ^nd is is easily detected by a drop of 
the ammoniacal nitrite of silver, which immediately produces 
the arsenite of oxide of silver, which is of a lemon yellow 
colour. If antimony be the metal in combination with the 
hydrogen gas under examination, no such result is produced 
by this process. When ipuch arsenic is present it will be 
advantageous to employ a clean glass tjibe, about six inches 
long, and slightly moistened inside with distilled water. 
The tube, thus prepared, is to be held vertically over the 
flame of the burning gas, and a strong solution of the sub- 
stance is soon obtained, which may be tested as before stated. 


• My dear Sir, 

Your correspondent, C. Barker, Esq., has noticed my ques- 
tion in your Annals for June 1838, respecting the spotted jar. 
If he did not observe the appearance of the sparks as I then 
stated, it is possible I may have been mistaken ; it is many 
years ago since i noticed what I remarked. To save the 
trouble of fixing spots on the inside of a Leyden jar, I lined 
it with plain tinfoil, and on the outside fixed very small spots 
the size of those used for spiral tubes. Now, the pieces of 
tinfoil being so diminutive, they could ^okl but a small por- 
tion of electricity, and therefore the spark might be almost 
imperceptible. I regret not having leisure to try another jar 
lined with plain tinfoil, for, if it answeis, a great saving of 
trouble is effected. • 

I feel greatly obliged to Mr, Barker for reminding me of 
this circumsfhnce, as it gives me an opportunity of correcting 
a mistake ; and also for the valuable information contained 
in his letter inserted in the last No. of your Annals. His 
recommendation of am insulated stand is well deserving the 
attention of all experimenters ; I have usqjd it for several years 
to exhibit the electric fly, orery, dancing figures. &c. but 
lately it occurred to me that a resinous plate about inches 
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ia cUameter” and a third of an inch thick, will answer all the 
'purposes of an insulated stand. 

Mr. Barker enquires how to line the inside of large carboys, 
to make them Leyden jars, which you have^informed him, 
but I think he will find that although green glass does very 
well for electrical machines, it will not answer for Leyden 
jars; I once constructed a battery of them ..which proved 
useless. 

I am, • •' 

Very truly yours, 

J. HARPER. 


Oxford, Dee. 26, 1839. 
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LXV , — On tine Connection between Electricity and Vegetation.* 
By Thomas Pine, Esq. (Resumed from page 268.) 

If the air in a state of purity imparts a strong electric 
excitement to the embrios of plants, and thus produces a 
commencing movement in the vegetable juices, no sooner is 
die germ beginning to ^open than it craves the influence of 
vapours to inaintaijiL its increasing vitality, and promote its 
growth, ^cordingly it is endowed with powerful conducting 
qualities in its structure and functions suited to the new element 
on whicli it has to act. The low springing herb, and the 
shooting* and slightly expanding leaf of every description are 
now offered to our notice. For the fixed, ftgid, texture of the 
seed and bud, is substituted the lithe, elongated, but acutely 
edged and pointed, form of the leaf, waving with every breeze, > 
as if to catch and appropriate to its use eveiy approaching 
vapour. These most intense attractors of electricity find it in 
the atmospheres of vf^urs as they gradually condense into 
the liquid- state^^ In noiuiing is it more conspicuous than in the 
action of the tender herd upon the morning dew. The creeping 
species are the most remaxkable/or this qv^^, as they receive 
their watering in a great dqgtee, particularly on fine summer 
mornings, firom the dew which then appears to arise from the 
VOL.JV.— N 0 .. 24 , 4pn7, 1840. F f 
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800 and to undergo a condensadon from die attraj^don of the 
yomg leave8| aided probably by the cold produced by fbo 
eitaporadc^. The down of the leaf, distinctly disceiuablc bi^ 
by the microscope^ fe in this case the principle cwgto of attrac* 
tiott^ oi' which that of the strawberry^ affords of the most 
remarkable specimens. When in its growiftg state, its fine 
nee'dleSf placed at coiTlrenient distances irom each other, ex- 
hibit at each point a transparent globule at a considerable dis- 
tance from the sur&ce of the leaf. , 

The same effect is observable as the general attendant of the 
settlixtg of dew on the berbqge, and on the early ^booting of 
plants. Observing the dew on som^ herbs on which no down 
was apparent to the naked eye, 1 found on a minute microscopic 
inspection, that points of extreme tenuity were the agents in 
producing the wktery effusion. This agency, is peculiarly 
conspicuous in the vegetable marrow^ the stem and leaves of 
which are every where bristling with fibril^ to whose* acute 
extremities tlie globules attach. A beautiful display of the 
principle appears in the herb called alpine wall cress ; the 
leaves of which are furnished with innumerable stems perpen- 
dicular to either surface, and branching out into four needles 
after the manner of our metallic protectors ; at eveiy point of 
which a globule attaches, while a larger globule is formed at 
tlieir common centre. What but that peculiarly energetic 
property of electric attraction with which all vegetating points 
are endowed, can have operated to produce this effect ? The 
condensingvapoui exudes its latent imponderable fluid, which, 
entering the pores of the leaf, leaves a portion of water in the 
liquid state upon its surface ; while a larger portion probably 
descends more completely deprived of its electric luatter to 
the roots ; thus fiirnishing an opportuility for its action from 
above in causing the absorption of the liquid fqjrming the 
materials of the sap, through the exquisitely minute channels 
of die stem, from the innumerable storms at the reifying 
extremities ! A powerful attraction is thus manifested Jby each 
minute vegetable point for the floating vapours, whiefi, operating 
in conjuction with a low temperature deprives them of their 
gaseous caloric, and reduces diem to their liquid state. These 
points being exquisite conductors of electricity, and acting 
with peculiar enbrgy, as such, upon the clouds and vapours of the 
atmosphere >and at considerable distances, can it be questioned 
that this is the species of attraction that diey have exerted in 
condensing the vapour, and attaching the liquid water to their 
extremities ; that a portion of the subtile fluid has been imbibed 
by . the leaf, and through die^chanuds of the wood, which 
from their extreme minuteness ma^ be considered as so many 
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tuhdaied p&int 0 by which the electric influence is acting 
with the greatest possible efficacy on the rising s^. It is^ 
thus made to mount and spread, and impart vital energy and 
expansion to ihe whole plant. The same principle which 
acting from the pare air produces a first vegetable excitement 
on the prepared mateiids of the Seeds* and buds, and the 
commencing shoots, and which so evident]/ operates in pro- 
portion as it is increased by natural or artificial means in 
promoting this result, is now administered in much larger 
quantities toough points of far ^ater number and efficacy, 
and conveys with it one of the most essential ingi^dients of 
nutrition; and thus the source of increasing viteffity and an 
essential material of grow]^ and vigour are fiimished by the 
same process. • 

By a similar ^process, the loftier plants and more advanced 
vcgetatipn receive a like vitalizing and nutritive influence 
from the clouds and vapours. The upper benches and spread- 
ing ramifications of the trees must act mth great energy, and 
vith' little interruption from any contiguous bodies, on thfe 
clouded atmosphere which forms around them with every 
approaching shower. They are well kno^ii to be strong 
attracters of clouds ; and it has been obser\xd, that in insular 
or detached situations in which a few trees form the sole 
attracters, the atmosphere of vapoiu is in a great degree 
confined to their summits, and they have been described as so 
many ‘‘ alembics” from whose leaves water is continually 
‘‘ distilled,” and that “ in some of the smaller islands of the 
West Indies, where there are no rivers or springs, the people 
are supj)lied ^itli water merely by the dripping of large tall 
trees, which, standing in Hhe hosom of a luquntain, keep their 
heads constantly mA^loped in fogs and clouds, from whence 
they dispense their kindly never-ceasing moistiire.”t But as 
1 am acquainted with no facts which so distinctly manifest 4he 

— . ■ ' — ■ ■ — ■ - ■ ., 1 ■ ■ — , , _ — , 

« Though tabes cannot in strictness be points, yet as these natural tubes 
bored by the divine hand with a minuteness precisely adapting them for the 
aotion of a fluid which was ascertained by the numerous experiments of the 
Abb& Nollet. to promote the flow of liquids through tubes, ii\ degrees increas- 
ing with their minuteness, and as tfaev approach by many degrees nearer to 
physical points than any that can be discerned by our unaided vision, I have 
used the above expl'lssion the more eflectually to convey an idea of their 
conducting power. And when it is considered that the solid matter through 
which tiiey are bored is a complete non-conduftor, oonflning the action of the 
electricity entirely to the liquids contained in the tubes, they iqust, I tbiuh, 
be seen to be performing the functions #f exquisite electrical points in pro- 
moting the rise and flow of the vege^hle juices. 

t White’s “ Natural History of Sel1;orB.” 
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MKiaej of plmts ^ depriving vapour of electrieitjir, as tbow 
tralidt appear in a^eial e^eriments inade bj J. Wiluams, £s^ 
ai rtiatM by bim in ^ Climate of Great Britain,” 1 sbaiU 
Extract the parriculau from hie valuidile work„to be inserted^ 

W it be thoiwht reomrite for the convenient^ of your readera,- 
Hi'hn aj^enmx to uiese remarks.. 

V lU is easy to see,lhdt severd importmit consequences, lugbly 
beuiiiiBfill to the animal as well as the vegetable system, must 
Msult from t^ arrangement. The attracrion of the leaves 
must opentte to produce the eondensatibn of th%viqx>ura, at 
much higto temperatures^ and in a more gentle and bene- 
fieUL manner than could be effected by the mm-e action of 
cold; and as large quantities of the subtile fluid are thus 
gradtially imbibed into the substance of plants, and in part, 
transmitted to the earth, injurious accumuations e£ it in tiie 
atmosphere are averted. 1 conceive that in the ab^nce of 
^ahls when there could be no cause of the condensation of 
vapodrs,. except a'low tenqierature, and were eonriderable 

S iantities of aqueous gas actually formed in the atmosphere, 
e* result must be, that no condensation would be effected 
till tile cold had become extreme, when there would be a 
sudden immense percipitation of vapour, and its gaseous 
caloric being as suddenly set loose, a portion of it would 
rapidly combine with the particles of air, thus heating and 
rarifymg it to an extraordmary degree, and another portion 
remaining in a state of separation from any gravitating matter 
would ^hibit electrical phoenomena in degrees whieh must 
greatly disturb the harmony of nature, and produce the 
most disastrous effects. There are some neglected or unpnK 
ductive districts where an approach .toward tiiis condition ef 
tile elements has been experienced, of which I find the foUow- 
mg general description. “ In countries which are tmcultivated 
tile weather is generally in extremes.. Rain whey it Talk 
takes the form of an overwhelming flood,, not gently entering 
and moistening the soil, but rushing along the sur^e, tearmg 
up one place, stflewing another with ddnie, and redoring 
Iratb to a state of indiscriminate rumt while scaroely has the* 
flood gone by, when the returning heat evaporates the httie 
moistuza vfbi^.is left briiind, and bums*up the coarse and 
scanty vegetation which the rains have fostered*'' Of the 
. salutary change from sui^a state to one in vriiieb tbe extrames 
. ei cold and beat, of moisture and dimness, have been greatly 
asit^pded witii the progrese of oultivation, au. exann^ k. 
from the aentral pact of Scothuid.* l|4^o pmticidn- 
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votioe is taken of the electiical phoenomena attendant 
upon the other extremes,' nor on the effepts prodnded an 
inmroved vegetation in softening their cWacter; but it is 
nrell known, that intense heats and sadden depositions of 
water are tite ordinary precursors and attendants ef strokes 
of lightning. One of the heavest and most, sadden sheets 
of rain th^ has fallen und4r my observation, and indeed, I 
thh^ it considerhbly exceeded any that 1 had previoi^y 
expmenced, wa8*accompaniedwith a still more extraordinary 
display of^ lightning, the fluid ^flying with aig-zag course 
incessantly in all directions, and occasionally swecgtmg round 
and exhimting to view the whole black concave whence it 
issued ! — Storms and hurricanes are very much the attendants 
of a partial and irregular distribution of plants, such as is 
incident to uncultivated spots,* and in high latitudes where 
there is a large effusion ef the scdar ^ams; — ^but mme 
especially over small, rich, cultivated clumps in islands sur- 
rounded by the ocean. The heavy accumulations of clouds, 
und runs on those spots, particularly, when the winds set in a 
corresponding direction, are the well known accompanyments 
of those terrific electrical discharges which are occasionally 
witnessed in the islands of the western ocean. Since the 
temperature in those latitudes is seldom sufficiently reduced 
to be of much avail in the condensing process, the attraction 
of lofty and luxurient trees is almost the sole instrument in 
producing the effect, and the immense quantities of caloric 
which are abstracted by evaporation from tUb ocean 
and plants united are concentrated on the devoted spots; 

the conseqnences are those prodigious discharges of water, 

• 

a • — — ■ — “ 

^rtioulars of ^his changfo are as follows ; Within the experience of persons 
still iiving, the snow which in tliat country beRan to fall in November, was 
not wbolly^one until the month of April ; while in the middle of Summer 
the heat was so excessive, that agricultural labourers were obliged so suspend 
their toil ifnring four or five hours in the middle of the day. At that time 
the autumnal rains frequently descended with so much violence, that the 
erops which had been retarded by the coldness of the spring, were prevented 
from ripening in the high grounds, were lodged and rotted in the lands that 
were lower, and swept away by the swelling of the streams pTer the holms 
and meadows. In the same spots at the present day, tbeonantity of snow 
which usually falls during the winter, is comparatively smul, appears rarely 
hefore Christmas, and is gone in February or early in March. The summer 
heat is more uniformly distributed, seldom amounting to a degree oppressive 
to the labonrer, or protracted to a term injurtous to the crops, while the 
xain which follows is neither so viotent in degree, nor so long continued, and 
happening when the grain is far advanced towa^ ripeness, the iitfuiy which 
it dM is comparatively trifling.” ibid$ pp. 3, 4. 

^ Awtrulia is one of the nnciUtivated spots instanced under the above 
general description. 
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of heat, and of electricity which are incidem to those 
idands. 

The co-operation of cold and of vegetation, in producing 
the condensation of vapours, or rather perhaps their respecj 
tive effects in the absence of each other, ^ forms of itself a 
curious and interesting subject of inquiry ? When the sun’s 
rays are so few and Inefficient as to leave the ordinary tem- 
perature of the atmosphere considerably below the; point at 
which vapour is transformed into water, they rarely if ever 
produce any electrical effects upon, or very nea^;, the earth’s 
surface. But when the temperature advances considerably 
above that point, there appears dbo be no other means of 
counteracting their tendency to float loosely in the atmosphere, 
and appear in the form of electricity in degrees which must 
prove nighly injurious, but by their uniting wkh water in the 
form of vapour. This they do in the first instance from the 
ocean, seas, and rivers; but as they accumulate ovbr par- 
ticular spots, the agency of plants becomes more and more 
necessary in aiding the process, and in so appropriating and 
disposing of the vapours as to render them most effective both 
in carrying forward their own progressive advancement, and 
in protecting animals against the effect of extreme heat and 
pernicious accumulations of electricity. But a better oppor- 
tunity will be afforded of treating of this subject in reviewing 
the state of vegetation in its most advanced stages. 

It may deserve consideration how far the carbonic acid, 
operates^ as a mean of exalting the conducting efficacy of 
plants, since tliey appear to live and thrive in proportion as a 
sufficient supply of this acid in its combination with water, is 
furnished to the roots. A sprig of mint, though peculiarly 
adapted to live and strike root in water, ^lightly impregnated 
with this gas, will speedily wither in water from which all 
access of this gas is excluded. If I might be alloweiih to 
conclude this paper with a conjecture concerning the superior 
conducting efficacy of vegetable points above those df metals 
and all other subsliknees, and that notwithstanding the strong 
non-conducting property of their solids, it should be by a 
reference to the expansive nature of all growing substances, 
in which th^y greatly exceed even metals, together with the 
quantity of oxygen which is conveyed by means of the acid 
and water to the positive electricity from the upper extre- 
mities of the plant, while the remaining elements of carbon 
and hydrogen under the influence of negative electricity, 
combine to form the larger portion, of the materials of ^e 
produce, llie solid portion of t^e leaves is 1 believe known 
to be principally composed of those two elements, and their 
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^lUraction the carbonic acid from the atmosphere, \ehen it 
IS decomposed, and yields pure oxygen gas under* the influ- 
ehce of the sun’s rays, while the carbon is retained, strongly 
favours the Conclusion ; and the ripening process of fruits, 
which seems to Be in a great degree effected by the extraction 
of oxygen from their juices under the same influence, allowing 
those rays, to be positivdy electrical, teifds to its confirma- 
tioji- riydrogep seems to be a promoter of the green colour 
of the leaves, as plants confined in this gas improve in green- 
ness, an4 1-he discovery^ of the^ decomposition of water in 
vegetation by Mr, Wejks, enables us to perceive that 
hydrogen is supplied to plants from water, no less certainly 
than carbon from the carbonic acid. I apprehend that elec- 
tricity will be^allowcd to be an essential a^nt in producing 
these decompositions. We are here reminded of a statement 
of Di\ Darwin, that “the production of oxygen gas from 
green leaves, and other green vegetable matter is probably 
owing to the decomposition of the water perspired by the 
plant, and as the oxygen may be expanded into gas by the 
sun’s light, the hydrogen may be detained in the pores of the 
vegetables. Hence plants growing in the shade are white, 
and become green by being exposed to the sun’s light, for 
their natural colour being blue, the addition of hydrogen adds 
yellow to the blue, and iutns them green.” It does indeed 
seem to be highly probable that as carbon and hydrogen, 
when separated from oxygen as they probably are in the most 
perfect manner in the leaves of plants, by the potcflt agency 
to which they are exposed from the solar rays, should unite 
in forming the substance ami colour of the leaf. And to 
what but electricity or galvanism can we ^scribe this twofold 
<lecomposi{ion ana recomposition in the production of the 
su^)sta^ce and beautiful compound colour which distinguishes 
tile vegetable kingdom ! • 


Prom Mr. Williams' “ Climate of Great Britain^* with 
Remarks. 


His chapter on “the power of Vegitables to deprive Vapour 
of its Electrici^,” &c. abounds in evidence of the principles 
we are maintaining; but as his views in several respects do 
not coincide with the objects for which they are here adduced, 
I shall accompany the extracts with such observations as may 
throw some further lighC upon fheir principles. — He says p. 6*3 
that “ he was principally letl to the consideration of this pro- 
perty ^in vegetables by remarking the drops of water on the 
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and angular points of the leaves of gras» about sun- 
s^tting^ before any general precipitation of nocturnal dew 
was perceptable; and from observing that trees and hedges 
occasioned a precipitation of fog, when attended^with a gentle 
wind^ but not in a ca/ni— *^This importai^t fact'’ he had 
‘‘repeadedly verified” by the use of the electrosdiSpe. “ Upon 
the 15th and l6th days of September, 1805,” he writes ‘‘there 
was a very dense fog. On the morning of the 15th it was 
attended with a perfect calm : the trees aitd hedges being 
loaded with dew; but no precipitation of the fog, and 
the electricity strongly positive; at eight A. M. it began to 
clear away ; and at ten A. M. the sun shone bright, and the 
day was tolerably fair. On the following morning the fog 
was equally dens^e ; but about seven A. M a gentle wind 
arose from the south, which bringing^ new particles of 
vapour within the conducting influence of trees and hedges, 
occasioned a copious fall of vapour from their leaves and 
small branches, but 'Ho general precipitation occurred.” In 
general he observes that “if the electroscope shows signs of 
electricity it ceases to do so when brought within six or ten 
feet of a tree, or hedge, owing to the power these possess of 
drawing ofip the electricity of the vapour which comes within 
the power of attraction.” This power may be rather referar 
ble to the general electricity of tne atmosphere than of the 
vapours which are diffused through it, especially if no vapours 
are visible, since it may be questioned whether in a partially 
condensed state, or on their having been recently condensed 
by the conducting agency of plants a larger portion of the 
fluid may not float for a time in their vicinity than in situations 
in which the vapours remain in a s):ate of transparent gas 
having no electrical atmosphere around them. But on the 
experiments on fogs we see a clear exemplification of the 
agency of vegitation, especially when assisted by ^nds, in 
causlhg the condensation of vapours to their liquid state at 
temperatures in which in its absence they would* remain 
partially condensed yet floating in the atmosphere. It must 
also assist in causing a farther precipitation by keeping the 
temperature comparatively low in consequence of the quanti- 
ties of the fluid it imbibes, and which would were the whole of 
what formed the caloric of vapour diffused durough the 
atmosphere raise it to a temperature that wbuld operate to 
prevent the process of precipitation from proceeding. In 
Hke manner it must avert dangerous accumulations of elec- 
trici^, for a portion only of the fluid which is set loose by the 
previous cold, entering into combination with the particles of 
air, the remaining portion must float in an uncombined elec- 
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trical state, *and aaimal Ufe ouiprotected by the conducting 
agency of plants must be exposed to frequent attacks. What 
aie toe pestilential simoons of Arabia, but electric matter 
bursting from an atmosphere already charged with it, and 
which finding no* medium of conveyance or opportunity of 
distribution, nut through the bodies of animals thus exposed 
to its influence, produces effects upon the frame equalling or 
exceeding that of a powerful galvanic battery. 

The following^beautiful experiment clearly shews the exis-i 
tence of aif electric atmosphere aronnd the surface of vapour 
as it condences by cooling and that it is attracted and absor- 
bed by the leaves of pl^ts. “ To tlie cap of a gold-leaf 
electroscope, I affixed a horizontal support for a candle, 
which projected t\^o feet from the cap of the instrument 
placed near the edge of a table ; on the floor immediately 
below .was an eathern vessel containing hot water about one 
inch in depth ; the candle being lighted, (wo or three red hot 
embers were dropped into the vessel of water, which instantly 
raised a* sudden cloud of vapour; the electricity of this being 
collected by the candle connected with the electroscope, the 
gold leaf opened suddenly and struck the sides positively* 
Some branches of trees with their foliage were now placed 
between the vessel on the floor and the candle ; the experi- 
ment being repeated the vapour passed through the interstices 
of the boughs but the electroscope opened only half an inch ; 
more boughs were now added and slightly sprinkled with 
water to increase their conducting power, the experiment was 
again repeated ; a great part of tne vapour still made its way 
through the interstices of the leaves and branches, but so 
completely deprived of* its electricity that the gold leaf did 
not diverge in the tallest degree.’' — pp. 73,74-J|he effect of 
the sprinkling of the water was probably to aid a little in the 
condensation by its cooling influence, and thus to add rather 
to the quantity of electrict matter discharged than by its far 
inferior conducting agency to that of living leaves to aid in 
its removal. The great efficacy of the leaves in absorbing 
the fluid is thus rendered strikingly apparent ; the continu- 
ance of a great portion of the vapour in an uncondensed state 
must have been the consequent of the raised* temperature ; 

nature temperature and vegitable attraction are often so 
admirably arranged that the vapour disappears, and a clear, 
mild, and moderately electrified atmosphere is the frequent 
result of their cooperation. 
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On the several species of vapours. • 

• 

It may not be improper here to observe that there appears 
to be a threefold proysionio nature for the irrigffiion of plants 
of different magnitudes and under different circumstances. The 
clouds which sail aloft are the evident result of the action of 
,the solar beams upon the waters ; and these are much devo- 
ted to the larger and loftier vegetation. After i. drying day 
the creeping species and thrfformin^ shoots of plants require 
immediate moisture, and it accumulates upon them in the 
absence of the sun in the form of dews, the sources of which 
have been differently ascribed either to a concentration of the 
cooling atmosphere, or to a rise of vapour from the soil in a 
similar state of cooling. My own observations by glasses 
inverted upon the soil during the night season have been 
altogether in favour of the latter conclusion. They are uni- 
formly wetted internal/y in quantities proportioned to the dew 
which appears upon the herbage, and its disappearance is accom- 
panied with that of the wetness in the glasses even though they 
remain inverted on the soil. It is indeed a curious circum- 
stance which I have proved by repeated observations that in 
a clear still atmosphere in the sun’s absence when dew is 
forming, a corresponding wetness appears on the internal sur- 
face of any vessel whether of glass or earthenware which is 
inverted on the soil ; and on the other hand when there is an 
opposite tendency in the atmosphere, when it inclines to the 
formation of clouds and rain, an opposite effect will appear in 
the inverted vessel, no moisture will t arise in it from the soil, 
and if any beefa previously formed in 4t, or is^troduced, 
as by breathing, it will presently disappear. Are not these 
phaenomena ascribable to variations in the relative eleclricity in 
the soil and the atmosphere, co-operating probably j^ith cor- 
responding changep of temperature ? In the sun’s absence 
no evaporation proceeds from plants, the atmosphere cools and 
becomes less impregnated with electric matter, the soil retains 
a larger proj)ortion of warmth and electricity it had imbibed in 
the preceding, day, than the atmosphere and the moistur^ 
which by the pn s rays is drawn through the leaves, remainin|*' 
also in the soil, combines with the warmth and electricity to 
form a rising vapour ; the evaporation produces a coolness on 
the surface of tlie ground, which co-operating with the strong 
attraction of the young and almost ei^hausted germs and herb- 
age condences the vapour, and<ihus a seasonable supply of 
electricity and moisture with an improved temperature is ad- 
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ministered to these minute and tender productions. This 
appears to be the case when the atmosphere clears in the sun’s 
absence and a transparent sky is seen, the particles of electri- 
city and of moisture in its combining into pure aqueous gas, and 
leaving it in a dry and comparatively negative state ; but when 
an opposite fbndeney prevails and the atmosphere becomes suf- 
fused with clouds and vapours, tlie caloric and electricity of these 
vapours being released from an opposite relation to the soil 
wliich is now cbmparatively cool and negatively electrical, 
and consequently in a condition to absorb the moisture and 
electricit;^ of the condensing vajJbur. This condition of the 
soil imparts a corresponding state to the plants which extends 
to tlieir upper extremities, and hence a general dis{)osition 
both in the soil and plants to imbibe the combined vitality and 
nutriment whibh is thus imparted to them. * 

Fogs appear to have a somewhat different origin from 
cither clouds or dews. They are chiefly prevalent in the 
winter and late autumn seasons ; and seem to result from a 
condensation in the lower regions of the atmosphere by the 
action of cold in the sun’s absence, or in part from the imper- 
, feet action of his few and languid rays in raising vapour from 
a previously moistened soil. The plants then in a state of 
vevetation being evergreen shrubs and quickset hedges, 
chiefly, the moisture attaches to them in large quantities, and 
seems to furnish them with a supply of nutriment in its 
union with electric matter that greatly conduces to their sup- 
port and progress, at seasons when the more aetke species 
are nearly dormant. 


LX VI. Extract^rom the Instructions for the Scientific 
Expedition to the Antarctic Regions^ prepared by the Pre-^ 
sideni and Council of the Royal Society*. ^ 

• PHYSICS AND METEOROLOGY. 

The council of the royal society are very strongly impres- 
sed with the number and importance of the desiderata in 


* The President and Council having been informed by the l^ords Cummis- 
sioners of the Admiralty that it had been determined, in conformity with 
their recommendation, to send out captain James C. Ross on an Antarctic 
Expedition for scientific objects, and having been requested to communicate 
any snggestions upon subject^ to which they might wish his attention to be 
called, referred the consideration of lach to distinct Committees, namely, 
those of Physics, Metoorology, Geology, Botany, and Zoology, the result of 
whose labours is the Report from which the above is an extract. — En. 
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.physical and meteorological science, which may wholly or in 
part be supplied by observations made under such highly 
tayourable and encouraging circumstances as those afforded 

the liberality of her majesty’s government on this occasion. 
While they wish therefore to omit nothing id their enumera- 
tion of those objects which.appear to them deserving of 
attentive inquiry on sound scientific pounds, and from which 
consequences may be drawn of real importance, either for ^e 
settlement of disputed questions, or for the advancement of 
knowledge in any of its branches, — they deem it ej^^ally their 
duty to omit or pass lightly over sevwal points whicn, although 
not without a certain degree of interest, may yet be regarded 
in the present state of science rather as matters of abstract 
curiosity than as affording data for strict reasoning ; as well as 
otBers, which may be equally well or better elucidated by 
inquiries instituted at home and at leasure. 

Terrestrial Magnetism. 

The subject of most importance, beyond all question, to 
which the attention of Captain James Clark Ross and his 
officers can be turned, — and that which must be considered as, 
in an emphatic manner, the great scientific object of 
the expedition, — ^is that of Terrestrial Magnetism ; and this 
will be considered : 1st, as regards those accessions to our 
Knowledge which may be supplied by observations to be made 
during the progress of the ex^pedition, independently of any 
concert with or co-operation of other observers ; and 2ndly, as 
regards thosewhich depend on and require such concert ; and 
are therefore to be considered with reference to the observations 
about to be aarriedbn simultaneously in the fixed magnetic ob- 
servatories, ordered to be established by Her ' Majesty’s 
Government with this especial view, and in the others similar 
observatories, both public and private, in Europe, India, and 
elsewhere, with whjch it is intended to open and maintain a 
correspondence. 

Now it may be observed, that these two classes of observa- 
tions naturs^ly refer themselves to two chief branches into 
which the science of terrestrial magnetism in its present state 
subdivides itself, and which bear a certain analogy to the 
theories of the elliptic movements of the planets, a^ of their 
periodical and secular perturbations. The first comprehends 
the actual distribution of magnetic influence over the globe, 
at the present epoch, in its mean to arverage state, when the 
^ects of temporary fluctuations are either neglected or elimi- 
nated by extending the observations over a sufficient time to 
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neutralize t^eir effects. The other comprises' the history of all 
that is not permanent in the phaenomena, whether it appear in 
the form of momentary, daily, monthly, or annual c&ange and 
i^toration, or in progKSsive changes not compensated by 
counter changes^ but going on continually accumulating in one 
directioni so as in the course of many years to alter the mean 
amount of the quantities obseiwed. These last-mentioned 
changes hold the same place, in the analogy alluded to, with 
respect to the mean quantities and temporary fluctuatbns, 
that the secular variations in the planetary movements must 
be regarded as holding, \vith respect to their mean orbits on 
the one hand, and their perturbations of brief period on the 
other. 

There is, however, this difference, that in the planetary 
theory all these varieties of effect have been satisfactorily 
traced up to a single cause, whereas in* that of terrestrial 
magnetism this is so far from being demonstrably the case, 
that the contrary is not destitute of considerable probability. 
In fact, the great features of the magnetic curves, and their 
general displacements and changes of form over the whole 
surface of the earth, would seem to be the result of causes 
acting in the interior of the earth, and pervading its whole 
mass; while the annual and diurnal variations of the needle, 
with their train of subordinate periodical movements, may, 
and very probably do arise from, and correspond to electric 
currents produced by periodical variations of temperature at 
its surface, due to the sun's position above the horizon, or in 
the ecliptic, modified by local causes ; while local or temporary 
electric discharges, due to the thermic, chemical, or mechani- 
cal causes, acting in the higher regions of the atmosphere, and 
relieving themselvep irregularly or at intervals, may serve to 
render aecount oi those unceasing, as they seem to us 
casual movements, which recent observations have placed in 
so cons{>icuous and interesting a light. The electrodytlamic 
theory, *which refers all magnetism to electric currents, is 
silent as to the causes of those currents, Vhich may be vari- 
ous, and which only the analysis of their effects can teach us 
to regard as internal, superficial, or atmospheric. 

It is not merely for the use of navigators that charts, giving 
a general view ot the lines of magnetic declination, inclina- 
tion, and intensity, are necessary. Such charts, could they 
really be depended on, and where they in any degree com- 
plete, woulcf be of the most eminent use to the theoretical 
inquirer, not only as general directions in the choice of empi- 
rical formulae, but as po^ertul instruments for facilitating 
numerical investigation, by the choice they afford of data 
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favourably arranged ; and above all, as afibrdim decidedly 
the best lueans of comparing any given theory with observaF* 
tion. In fact, upon the vmole, the readiest, and beyond 
comparison the fairest and most effectual mode pf testing the 
numerical applicability of a theory of terrestrial magnetism, 
would be, not servilely to calculate its results for given locali- 
ties, however numqroiis, and thereby load its apparent errors 
with the real errors, both of observation and local magnetism, 
but to compare the totality of the lines in our charts with the 
corresponding lines, as they result from the fomulaB to be 
tested, when their general agreement or disagreemeiSt will not 
only show how far the latter truly represent the facts, but 
will furnish distinct indications of the modifications they 
reouire. 

Unfortunately lor the progress of our theories, however, 
we are yet very far from possessing charts even of that one 
element, the Declination, most useful to the navigator, which 
satisfy these requisites; while as respects the others (the 
Inclination and Intensity) the most lamentable deficiences 
occur, especially in the Antarctic regions. To make good 
these deficiencies by the continual practice of every mode of 
observation appropriate to the circumstancjcs in which the 
observer is placed throughout the voyage, will be one of the 
great objects to w^hich attention must be directed. And 
first — 

At sea We are not to expect from magnetic observations 

made at sea the precision of which they are susceptible on 
land. Nevertheless, it has been ascertained that not only the 
Declination, but the Inclination and Intensity can be obser- 
ved, in moderate circumstances of weather and sea, with 
sufiicient correctness, to afford most us^ul and valuable 
information, if patience be bestowed, and proper pfecautions 
adopted. The total intensity, it is ascertained, can he mea- 
sured* with some considerable degree of certainty by the 
adoption of a statical method of observation recently flevised 
by Mr. Fox, whose "instrument will be a part of the appara- 
tus provided. And when it is recollected that but for such 
observations the whole of that part of the globe which 
is covered by the ocean must remain for ever a blank in our 
charts, it will be needless further to insist on the necessity of 
making a daily series of magnetic observations, in all the three 
particulars above-mentioned, whenever weather and sea will 
permit, an essential feature in the business of the voyage, in 
both ships. Magnetic observations at. sea will, of course be 
affected by the ship’s magnetism, ayd this must be eliminated 
to obtain results of any service. To this end, 
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First, Every series of observations made on board should 
be accompanied with a notice of the direction by compass of 
the ship’s head at the time. 

Secondly. Previous to sailing, a very careful series of the 
apparent deviations, as shown by two compasses permanently 
fixed, (the one a% usual, the other in a convenient position, 
considerably more forward in the ship,) iif every position of the 
ship’s head, as compared with the real position of the ship, 
shoq^d be made^ and recorded, with a view to attempt 
procuring the constants of the ship’s action according to M. 
Poisson’s tJjSory* ; and this pT0<ie8s should be repeated on 
one or more convenient occasions during the voyage ; and, 
generally, while at anchor, every opportunity should be taken 
of swinging round the ship’s liead to the four cardinal points, 
and executing in each position a complete seAes of the usual 
observations. 

Thirdly. Wherever magnetic instruments are landed and 
observations made on terra Jirma^ or on ice, the opportunity 
should be seized of going through the regular series on ship- 
board with more than usual diligence and care, so as to estab- 
lish by actual experiment in the only unexceptionable manner 
the nature and amount of the corrections due to the ship’s 
action for that particular geographical position, and by the 
assemblage of all such observations to aftbrd data for conclu- 
ding them in general. 

Fourthly. No change possible to be avoided should be 
made in the disposition of considerable masses of iron in the 
ships during the whole voyage ; but if such change b*e neces- 
sary, it should be noted. 

Fifthly. Wlien crossing the magnetic line of no dip it’ 
would be desirable to go*through the observations for the dip 
with the instrument Successively placed in a series of differ- 
ent magnetic azimuths, by which the influence of the ship’s 
magnetism in a vertical direction will be placed in evidence. 

On land^ or on ice , — As the completeness and excellence 
of the instruments with which the Expeditioif will be furnished 
w'ill authorise tlie utmost confidence in the results obtained 
by Captain Ross’s well known scrupulosity and exactness in 
their use, the redetermination of the magnetic elements at 

E oints where they are already considered as ascfbrtained, will 
e scarcely less (^esirable than their original determination at 
stations where they have never before been observed. This 
is the more to be insisted on, as lapse of time changes these 


See^Appendix A. 
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elemwts in some cases with considerable rapidit]^ ; and it ii 
therefore of great consequence that observations to be com- 
pared i^ould be as nearly contemporary as possible, and t^t 
data should be obtained for eliminating the effects of secular 
variations during short intervals of time, so ^ lo enable us to 
reduce the observations of a series to a common epoch. 

On the other hand^it cannot be too strongly recommended, 
studiously to seek every opportunity of landing on pointe 
(n^agpetically speaking) unknown, and determining the <3le- 
ments of those points with all possible precision. ^Nor should 
it be neglected, whenever the slightest room for doubt sub- 
sists, to determine at the same timp the geographical position 
of the stations of observation in latitude and longitude. 
When the observations are made on ice, it is needless to 
remark tliat this will be universally necessary. < 

With this general recommendation it will be unnecessary to 
enumerate particular localities. In fact, it is impossible to 
accumulate too many. Nor can it be doubted that in the 
course of antarctic exploration, many hitherto undiscovered 
points of land will be encountered, each of which wdll, of 
course, become available as a magnetic station, according to 
its accessibility and convenience. 

There are certain points in the regions about to be traversed 
in this voyage which offer great and especial interest in a 
magnetic point of view. These are, first, the south magnetic 
pole (or poles), intending thereby the point or points in which 
the horizontal intensity vanishes and the needle tends virtically 
downwards ; and secondly, the points of maximum intensity, 
which, to prevent the confusion arising from a double use of 
the word poles, we may provisionally term' magnetic focL 

It is not to be svpposed that Captain l^oss, having already 
signalized himself by attaining the northern magnetic pole, 
should require any exhortation to induce him to use his indea- 
yours to reach the southern. On the contrary, it might better 
become us to suggest for his consideration, that no scientific 
datum of this desCiiption, nor any attempt to attain very high 
southern latitudes, can be deemed important enough to be 
made a ground for exposing to extraordinary risk the lives of 
brave and Valuable men. The magnetic pole, though not 
attained will ]fet be pointed to by distinct and unequivocal 
indications ; viz. by the opproximation of the^lip to 90=^ ; and 
by the convergence of the magnetic meridians on all sides 
towards it. If such convergence be observed over any cot;-' 
siderable region, the place of tbepolq may hence be deduced, 
though its locality may be inaccessible. \ 

, M. Gauss, from theoretical considerations, has recently 
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■issigitod a probable position in loUt 146^ E*, lat. 66*^ S., to the 
aimtbetb magnetic pole, den^ng tbe existence of .two poles . 
of the' saine name, in either nemi8phere,Vhich, as he justly 
remarks, woujd 'entail the hecessi^ of admitting also a third 
point, haring BCfne of the ; chief chaTact|rs or such a pole 
intermediate bettreen them/ That this is st^ may be mkde 
obvious without following otithis^bmewh^at itoi^de aemonstra*- 
tioD, by simply con^kleriflff, that if a needle be transported 
fi^ one such pole to aOotrier of the same name, it will ifrs^n to 
deviate from perpendicularity towards the pole it had quitted, 
and will esid in attaining perpendicularity again, after pointing 
in tbe latter part of its progress obliquely towards the pole to 
which it is moving^ a sequence of things impossible without 
an intermediate passage through the perpendicular direction. 

It is not improbable that the point indicated by M. Gauss 
will prove accessible ; at all events it cannot but be ap- 
proachable sufficiently near to test by the convergence of 
meridians the truth of the indication ; anfl as his theory gives 
within very moderate limits of error the true place of the 
northern pole, and otherwise represents the magnetic ele- 
ments in every explored region wdth considerable approxima- 
tion, it is but reasonable to recommend this as a distinct point 
to be decided in Captain Uoss*s voyages. Should the 
decision be in the negative, i. e. should nj^ne of the indica- 
tions characterizing the near vicinity of \ magnetic pole 
occur in that region, it will be to be sought d a knowledge 
of its real locality will be one of the distinct X '^nti£c result^ 
which may be confidently hoped from this Ex^ 'dition, anf 
which can only be attained by circumnavigating tne antarcr j 
pole compass in hand, , 

The actual attainment of a jbeus of nmximum intensity is 
rendered (hfficult by tbe want of some distinct character by 
which it can be known, previous to trial, in w^hich direction to 
proceed, when after increasing to a certain point the intensity 
begins Again to diminish. The best rule to be given, would 
be (supposing circumstances would permit it) on perceiving 
the intensity to have become nearly stationary in its amount, 
to turn short and pursue a course nt right angles to that just 
before followed, when a change could not to occur, and 
indicate by its direction towards which side the* focus in ques- 
tion were situated. 

Another, and as it w'ould appear, a better mode of conduc- 
ting such a research, would be, when in tbe presumed 
neighbourhood of a focus oL maximdm intensity, to run 
down two parallels of latitude or two arcs of meridians 
separated by an interval of moderate extent, observing all the 
way in each, by which observations., when compared, the con- 

G G 
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cavities of the isodyhamic lio^ vroidd apparent, and 

perj^diCulars to the chorda, in or near the foci, 

mi^t be drawn. V ' * 

^ Two foci or points of maiii^m Mai intensity are indica- 
ted by the geiieraleiotirse of the lines in MsQor Sabine’s chart 
in the Southern Hemisphere^ one about long. 140^ £.,Iat. 
47®* S., the other more obscurely in long. 235® E., lat. 60® 
or thereabouts. Both these points are certjiinly accessible ; 
and as the course of the Expedition will lead not far from 
each of them, they might be visited with adva^tage by a 
course calculated to lead directly across the isodynamic ovals 
surrounding them. 

Pursuing the course of the isodynamic lines in the chart 
above mentioned, .it appears that one of th^ two points of 
minimum total intensity, which must exist, if that chart be 
correct, may be looked for nearly about lat. 25® S., long. 12® 
W., and that the intensity at that point is probably the least 
which occurs over the whole globe. Now this point does not 
lie much out of the direct course usually pursued by vessels 
going to the Cape. It would therefore appear desirable to 

E ass directly over it, were it only for the sake of determining 
y direct measure the least magnetic intensify at present exis- 
ting on the earth, an element not unlikely to prove of impor- 
tance in the further progress of theoretical investigation, 
Excellent opportunities will be afforded for the investigation 
of all these points, and for making out the true form of the 
isodynanOic ovals of the South Atlantic, both in beating up far 
St, Helena, and in the passage from thence to the Cape ; in 
the course of which, the point of least intensity will, almost of 
necessity, have to crossed, or at least ajmroached very near. 

Nor is the theoretical line indicated by Gauss, as dividing 
the northern and southern regions, in which free magnetism 
may be regarded as superfici^y distributed, undeserving of 
attention. That line cuts the equator in 6® east longitude, 
biang inclined tliereto (supposing it a great circle) 15®, by 
which quantity it recedes from the equator northward in going 
towards the west of the point of intersection. Observations 
made at points lying in the course of this line may here^ter 
prove to possess a value not at present contemplated. 

As a theoretical datum, the horizontal ii^tensity has been 
recommended by Gauss, in preference to the total, not only 
as being concluded from observations susceptible of great 
precision, but as affording immediate facilities for calculation. 
As it cannot now be long before the desideratum of a chart of 
the horizontal intensity is supplied, the maxima and minima 
of this element may also deserve especial inquiry, and may be 
ascertained in the inanneT above pointed out. * 
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The maatunaiif faorlxoitfil m present undeter- 

ndned by ai)y They must of •necessity, 

however, lie in lower mimetic latitudes than those of the 
total intensity, as its imnupa mestf in higher ; and from such 
imperfect meane as we have ot judging, the conjectural situa- 
tions of the maxima may be stated as (Recurring in 


20° N. 

80° E. 

1 . 

. 7 N. 

260 E. 

IL 

3 S. 

130 E. 

III. 

10 S. . 

180. E. • 

IV. 

Observations have be^ 

made of the horizontal intensity 


it the vicinities of II, and III., and are decidedly the highest 
which have been observed anywhere. • 

In general, *in the choice of stations for determining the 
absolute values of the three magnetic elements, it should be 
borne in mind, that the' value of each new station is directly 
proportional to its remoteness from tliose already known. 
Should any doubt arise, therefore, as to the greater or less 
elegibility of particular points, a reference to the existing mag- 
netic maps and charts, by showing where the known points of 
observation are most sparingly distributed, will decide it. 

For such magnetic determinations as those above contem- 
plated, the instruments hitherto in ordinary U!>e, with the 
addition of Mr, Fox’s appa^^atus for the statical determination 
of the intensity, will suiKce ; the number of the sea observa- 
tions compensating for their possible w^aiit of exactness. The 
determinations which belong to the second branch of our 
subject, — viz. those of the diurnal and other periodical varia- 
tions, and of the momentary fluctuations of the magnetic 
forces, — requiTe, the present state of bur know ledge, the 
use of thobe more relined instruments recently introduced. 
Being qpmparativc rather than absolute, they depend in great 
measure (and as regards the raomontary changes, wholly) on 
combined and simultaneous observation. ^ , 

The variations to w hich the earth’s magnetic force is sub- 
ject, at a given place, may be classed under three heads, 
namely, 1. the irregular variations, or those which apparently 
observe no law ; 2. the periodical variations whose amount is 
a function of the hour of the day, or of the season of the 
year ; and, 3. \he secular variations, w hich are either slow ly 
progressive, or else return to their former values in periods of 
ve^ great and unknown magnitude. 

The recent discoveries connected with the irregular varia- 
tions of the magnetic declination, have given to this class pf 
changes a prominent interest. In the year 1818 M. Arago 
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maAe, at the Observatory of Paris, a valuable and extensive 
series of t)bservation8 on the declination changes ; and M. 
Kupffer having about the same time undertaken a similar 
research at Cazan, a comparison of the results led to the 
discovery that the perturbations of the needle were synchro^ 
nous at the two places, althpugh these places differed from 
one another by more than forty-seven de^ees of longitude. 
This seems to have been the first recognition of a phenope- 
non, which now, in the hands of Gauss and those who are 
labouring with him, appears likely to receive sf ^ull eluci- 
dation. 

To pursue this phenomenon succ*essfully, and to promote in 
ether directions the theory of terrestrial magnetism, it was 
necessary to extend and vary the stations of observation, and 
to adopt at all a common plan. Such a system of simultane- 
ous observations was organized by Von Humboldt in the year 
1827. Magnetic stations were established at Berlin and 
Freyberg ; and the Imperial Academy of Russia entering 
with zeal into the project, the chain of stations was carried 
over the whole of that colossal empire. Magnetic houses were 
erected at Petersburg and at Cazan ; and magnetic instruments 
were placed, and regular observations commenced, at Moscow, 
at Sitka, at Nicolajeff in the Crimea, at Barnaoul and 
Nertschinsk in Siberia, and even at Pekin. The plan of 
observation was definitely organized in 1830 ; and simultane- 
ous observations were made seven times in the year, at 
intervals^of an hour for the space of forty-four hours. 

In 1834 the illustrious Gauss turned his attention to the 
subject of terrestrial magnetism ; and having contrived instru- 
ments which were^capable of yielding results of an accuracy 
before unthought of in magnetic researches, he nroceeded to 
inquire into the simultaneous movements of the horizontal 
needle at distant places. At the very outset of hie inquiry 
he discovered the fact, that the synchronism of the perturba- 
tjons was not confined (as had been hitherto imagined) to the 
larger and extraordinary changes; but that even the minutest 
deviation at one place of observation had its counterpart at 
the other- • Gauss was thus led to organize a plan of simulta- 
neous observations, not at intervals of an hour, but at the 
short intervals of five minutes. These were 'carried on 
through twenty-four hours six* times in the year; and mag- 
netic stations taking part in the system were established at 


* Recently reduced to /aur. 
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Alton^f Augsburg, Berlin, Bonn, Brunswick, Breda, Breslau, 
Cassel, Copenhagen, Dublin, Freyberg, Gottingen, Green- 
wich, Halle, Kazan, Cracow, Leipsic, Milan, Marburg, 
Munich, Naples, St Petersburg, and Upsala. 

Extensive as Ais plan appears, there is much yet remaining 
to be accomplished. The stations, nun^erous as they are, em- 
brace but a small portion of the earth's surface ; and w]^t is 
of yet more importance, none of them are situated in the neigh- 
bourhood of thflse singular points or curves on the earth's 
surface, where the magnitude of the changes may be expected 
to be excessive, and peAaps eten their direction inverted* 
In short, a wider system ^)f observation is required to deter- 
mine whether the amount of the changes (which is found to be 
very different in different places) is depend(mt simply on the 
geographical ^ov on the co-ordinates of the place; 

whedjer, in fact, the variation in that amount be due to the 
greater or less distance of a disturbing centre, or to the modi- 
fying effect of the mean magnetic force of the place, or to 
both causes acting conjointly. In another respect also, the 
plan of the simultaneous observ ations admits of a greater 
extension. Until lately the movements observed have been 
only those of tlie magnetic decimation^ although tliere can be 
no doubt that the inclination and the intensity are subject to 
.similar perturbations. Recently, at many of the German 
stations, the horizontal component of the intensity has been 
observed, as well as the declination ; but the determination of 
another element is yet required, before we are possessed of all 
the data necessary in this most interesting research. 

The magnetic observations about to be established in the 
British Colonies, by tl^e liberality of the Government, will (it 
is hoped) supjdy im a great measure thes^ desiderata. The 
stations aJb widely scattered over the earth’s surface, and are 
situate^ at ])oints of prominent, interest with regard to the 
Isodynamic and Isoclinal lines. The point of maumum 
intensity in tlie northern hemisphere is in Canada ; the cor- 
responding maximum in die southern hemisphere is near Van 
Diemen's Land ; St. Helena is close to the line of minimum 
intensity ; and the Cape of Good Hope is of importmice on 
account of its southern latitude. At each observatory the 
changes of the vertical component of the magnetic force will 
be observed, afis well as those of the horizontal component and 
declination ; and the variations of the two components of the 
force being known, those of the inclination and of the force 
itself are readily deduced. , The simultaneous observa- 
tions of these three elements will be made at numerous and 
stated periods, and we have every reason to hope that the 
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direcitofs of the various European observatories will take part 
in the combined system. 

. But interesting as these phenomena are, they form but 
small part of the proper business of an observatory. The 
regular changes (both periodic and secular) ^re no less im- 
portant than die irregijlar ; and they are certainly those by 
wliich a patient inductive inquirer wuuld seek to ascend to 
general laws. Even the empirical expression of these laws 
cannot fail to be of the utmost value, as funushing a correc- 
tion to the absolute values of the magnetic elements, and 
thereby reducing them to thdr mean*ainouiit. 

The hourly changes of the declhidtion have been frequently 
and attentively observed ; but with respect to the periodical 
variations ol* tlio other two elements, our information is as yet 
very scanty. The detennination of these varations will fonii 
an important part of the duty of the magnetic obseivatpries ; 
and from the accuracy of .which the observations ar e suscepti- 
ble, and the extent which it is proposed to give them, there can 
be no doubt that a very exact knowledge of 4he empirical laws 
will be the result. 

With respect to tlie secular variations, it might ])erhaps be 
doubted whether the limited time during which the observa- 
tories will be in operation is adequate to their determination. 
But it should be kept in mind that the monthly mean corres- 
ponding to each hour of observation will funiish a separate 
result; and that the number and accuracy of the results thus 
obtained may be such, as fully to compensate for the shortness 
of the interv^al through which they are followed. A beautiful 
example of such a result, deduced Iroin three years’ observa- 
tion of the declination, is to be found in the first volume of 
Gauss’s magnetical Vork, of which a traiu^lation is published 
in the fifth number of Taylor’s Scientific Memoirs. * 

It remains to say a lew words of the instrumental means 
whiefi have been adopted for die attainment of these ends. 

The magnetic instruments belonging to each ohservatoiy 
and in constant use, are, 1 . a decimation instrument ; 2. a hori- 
zontal force magnetometer ; 3. a vertical force magnetometer. 
These instngnents arc constructed alter the plan adopted by 
Professor Lloy4 in the Magnetic Observatory of Dublin. 
The magnet, in the two former, is a heavy bar, fifteen inches 
long, and upwards, of a pound in weight. In the declination 
instrument the magnet rests in the magnetic meridian, being 
suspended by fibres of silk without torsion. In the horizontal 
force magnetometer, the magnet is supported by two parallel 
wires, and maintained in a positiomat right angles to the mag- 
netic meridian by the torsion of their upper extremities. In 
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IvQth instraments ihe changes of position of the magnet are 
read off by means of an attached collimater having^ divided 
sc;^e in its focus. The magnetometer for the vertical force is 
a bar resting by knife edges on agate planes, and capable of 
motion there^rq^ in the vertical plane only. This bar is 
loaded, so as to rest in the horizontal position in the mean 
state of the force ; and the deviations ffom that position are 
read off by micrometers near the two extremities of the bar. 

hn addition fe these instruments, each observ^atory is fur- 
nished witKa dip circle, a trajisit with an azimuth circle, and 
two chroiit>meters. Each i^essel also is supplied with a similar 
equi})inent. Should thercibre the shij)s be under the necessity 
of wintering in the ice, — ^and generally, on every occasion 
when the nature of the service may render it necessary to pass 
a considcrable«in1er\'al of time in any port or anchorage, — ^the 
raagnetometors should be established, and observations made 
with all the regularity of one of the fixed observatories, and 
with strict attention to all the same details. 

The selection of proper stations for the erection of the 
magnetometers, and the extent of time which can be bestowed 
upon each, must in a gieat measure depend on circumstan- 
ces, which can only be appreciated after tiie Expedition shall 
have sailed. The obsenwatory at St. Helena (the officers and 
instruments for which will be landed by Captain Ross,) will in 
all yjrobability, — and that at the Cape (similarly circumstanced 
in this respect) may posi-ihly, — be in activity by the time the 
ships arrive at Kerguelen’s Land ; which we woukl recom- 
mend as a very interesting station for procuring a complete and 
as extensive a series of corres]>onding ohsenations as the 
necessity of a s|)ee<ly arrival at Van Diemen’s Land for the 
cstablisliment of thg fixed observatory at that point will allow ; 
taking iiitoiconsideration the possibility of obtiiining during 
the intermediate voyage, a similar series, at some j>oint of the 
coast discovered by Kemp and Iliscoe. In the ulti'rior prose- 
cution of the voyagi', a point of especial interest for the 
perfonuiuice of similar observations will be found in New' 
Zealand, wliich, according to the sketch of the voyage laid 
before us by Captain Ross, will probably be visited shortly 
after the establishment of the Van Diemen’s Lmid obsen a- 
tory. The obsen-ations there will have especial interest, .since, 
taken in conjunction wdth those simultaneously making in Van 
Diemen’s Laud, they will decide the important question, how 
fax that exact convspondcncc of the momentary magnetic per- 
turbations which has hc^n observ ed in Europe, obtiins in so 
remote a region, between pljce# separated by a distance equal 
to, that between the most widely distant European Stations. 
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^' Xa lSli^ quitting Van Diemen’S Land and 

it again, opportunities will no doubt occur of per- 
fcnming itoore than one other series of magnetometer obserV^a- 
tions, &e locality of which may be conveniendy left to the 
judgment of Captain Ross, bearing in mind*the advantage of 
observing at stadonse as renjote as possible from both Van 
Diemm’sLand and New Zealand. 

The research for the southern magnetic pok and the explo- 
radon of the antarctic seas will aflbrd, it may be presumed, 
many opportunities of instituting on land hithertfi unknown, 
or on firm ice when the vessfel may be for a time blockaded, 
observations of this description ; ahd in the progress of the 
circumnavigation, the line of coast observed or supposed to 
exist under the name of Graham’s Land, or those of the islands 
of that vicinity. South Shetland, Sandwich Land, and finally 
on the homeward voyage the Island of Tristan d’Acunha will 
afford stations each of its own particular interest. 

A programme will be furnished of the daj^s selected for 
simultaneous obsen^ations at the fixed o^er\'atories, and of 
the details to be attended to in the observations themselves as 
above alluded to. These days will include tlie terms or 
stated days of the German Magnetic Association, in which, 
by arrangements already existing, every European magnetic 
observatory is sure to be in full activity. These latter days, 
which ocemr four times in the year, will be especially interest- 
ing, as periods of magnetometrical obsen^ations by the 
Expedition, when the circumstances of the voyage will permit. 
For the determination of the existence and progress of the 
diurnal oscillation, in so far as that important element can be 
ascertained in periods of brief duration, it will be necessary to 
continue the obseii^ations hourly during «»the twenty-fom* for 
not less than one complete week. At every station where the 
magnetometers are observed, the absolute vtilues • of the 
dip, horizontal direction, and intensity will require to be 
ascertained. ^ 

Sydney, for a station of absolute determinations, would be 
with great propriety selected, as there can be no doubt of its 
becoming at no distant period a centre of reference for every 
species of local determination. 

The meteorological particulars to be chiefly attended to, as a 
part of the magnetic observations, are those of the barometer, 
thermometer, wind, and especially auroras, if any. In case of 
the occurrence of the latter indeed, the hoxirly should at once 
be exchanged for uninterrupted observation, should that not 
be actually in operation. The affections of the magnetome- 
ters during thunder-storms, if any, should be noticed, though 
it is at present believed that they have no influence. 
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Dimjsg axt eartliqualce in Sibena in the 4irieii(m of 

the horizontal needle, carefully watched by M. was 

luiinfluenoed ; should a sitnilar opportunity occur, and ciician* 
stances permit^ it should not be neglected. 

Should land o]!«secure ice be found in the neighboiiffhood of 
the magnetic pole, every attention will pf course be paid to 
the procuring a complete and extensive series of magnetometric 
observations, wldch in such a locality would form one of the 
most remarkable 'results of the Expedition. 

« 

* Elbctrom^ters. 

The Council are fully impressed with the high importance, 
of regular observations on the electrical statp of the atmos- 
phere; but th^y are not prepared to suggest any means of 
effecting this desirable object which will at all correspond 
with tlie present advanced state of electrical physics. At no 
distant period they hope to supply a defect which is certainly 
a reproach to sciei]^. In the meantime much valuable infor- 
mation might be acquired by observations of an electroscope, 
on one of the ordinary constructions connected with a lofty 
insulated wire. 

In erecting such a wire, proper precautions should be taken 
against accidents by preparing a sufficient conductor in its 
immediate vicinity, by which a communication could be at 
once opened with the ground in case of any sudden and dan- 
gerous accumulation of thp electric fluid. • 

As a temporary contrivance, a common jointed fishing-rod, 
having a glass stick well varnished with shell lac, substituted 
for its smallest joint, ooay be projected into the atmosphere. 
To the end of the^lass must be fixed a iftetallic wire termi- 
nating in S point, and connected with an electroscope by 
means a fine copper wire. If the wire be made to termi- 
nate in a spiral wrapped round a piece of cotton dipped in 
spirits ot wine and inflamed, its power of^ collecting electri- 
city wffl be sometimes doubled, but great precautions are 
necessary when this mode is employed. When the electro- 
scope has been charged, the nature of the electripity may be 
tested in the usual way by excited glass or sealing wax. 

The principal electroscopes which are capable of being 
employed to asdertain the electrical state of the atmosphere, 
or rather to compare its state at any given elevation with the 
state of the medium in contact wi& the instrument, are the 
following : • ^ 

1. De Saussure’s electrometer, which consists of two fine 
wires, eacb terminated by a small pith ball, and adapted to a 
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soiaU metal rod fixed in the upper part of a aquareglass eorer, 
upon ooeiof the faces of which a divided scale is marked, in 
order to measure the angles of deviation of the two balls : c 

2. Volta’s electrometer, formed of two straws about two 
inches long and ^th of a line broad, suspended from two 
small very moveable fings adapted to metal rod : to measure 
the deviation of jhe straweT a telescope with a nonius is 
employed: 

3. Singer’s electrometer, consisting of tfio slips of gold 

leaf suspended from the rod : • 

4. Bohnenberger’s electroscope,* formed of a single strip 

of gold leaf suspended from the ccmducting rod between two 
dry piles, the negative pole of one and the positive pole of 
the other being ..uppermost ; this arrangement has the advan- 
tage of indicating the kind of electricity communicated to the 
conductor. ' ^ 

The observations made with these and similar instruments 
have demonstrated that in serene weather the eleetiicity of 
the atmosphere is always positive with regard to that of the 
earth, and that it becomes more and more positive in propor-' 
tion to its elevation above the earth’s surface ; so that if an 
observer be on a mountain or in a balloon, if bis conductor 
be directed downwards to reach an inferior stratum of air, his 
electroscope will indicate negative electricity ; and if it be 
sent upwards into a superior stratum, positive electricity will 
be manifested. Various means have been resorted to in these 
experimesits, such as connecting one of the extremities of 
the conducting wire to a kite, a small balloon, or the bead 
of an arrow, the other extremity remaining attached to the 
electroscope. 

It has been ascertained by the observations of De Saussure, 
Schubler, Arago and others, that the positive dtectricity of 
the atmosphere is subject to diurnal variations of jptensity, 
there being two maxima and two minima during the twenty- 
four hours. The first minimum takes place a little before the 
rising of the sun; as it rises, the intensity, at first gradually 
and then rapidly, increases, and arrives at its first maximum 
a few hour> after. This excess diminishes at first rapidly 
and afterwards slowly, and arrives at its minimum some 
hours before sunset ; it re-ascends when the sun approaches 
the horizon, and attains its second maximum a tew hours 
after, then diminishes till sunrise, and proceeds in the order 
already indicated. The intensity of the free electricity of 
the atmosphere has also been fqund toundergo annual changes, 
inerting from the month of July to the month of Noveiub^r 
inclusive, so that the greatest intensity occurs in winter, mod 
the least in summer. 
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In cloudy Veather the free electricity of the atmosphere is 
still positive. During storms, or when it rains or snows, the 
eletiitricity is sometimes positive and sometimes negative, and 
its intensity is always much more considerable than in serene 
weather. The etectroscope will, during the continuance of 
a storm, frequently indicate several changes, from positive 
to negative. 

The above is short summary of almost all that is known 
respecting the laws of atmospheric electricity. It will be 
highly important to obtain a series of observations equal in 
accuracy to those made by*Schubl&r at Frankfort in 1811 and 
1812, simultaneously with ftie observations of the hygrometer, 
barometer, thermometer, &c. Combined observations at a 
number of different stations cannot fail to give us important 
information respecting the distribution of the free electricity 
in the atmosphere, and the extent and nature of the distur- 
bances to which it is subject; but to render the results valua- 
ble it will be necessary to have instruments comparable with 
each other, and thia may be a difiicult matter to effect.* 

Very recently a new method of investigating the electric 
state of the atmosphere has been proposed, likely to lead 
hereafter to very certain and valuable results ; but it has not 
been sufficiently put in practice to enable the Council to re- 
commend, at the present moment, the best form of instru- 
ment for making simultaneous and comparable observations, 
or the proper precautions to guide the observer in manipu- 
lating it. • 

For the principle of this instrument w e are indebted to Mr. 
Colladon of Geneva. He found, that if the two ends of the 
wire of a galvanic multijdier, consisting of very numerous 
coils well insulated fsom each other, were brought in contact, 
one with a tfody positively, and the other with a body nega- 
tively charged, a current of electricity passes through jtlie 
wire, unjil equilibrium is restored ; the energy and direction 
of this current is indicated by the deviatign of the needle 
from the' zero-point of the scale. This instrument is applied 
to the purpose of ascertaining and measuring the atmospheric 
electricity, by communicating one end of the wdre with the 
earth, and allowing the other to extend into the region of 
the atmosphere, the electrical state of which is intended to 
be compared. 


* For a fuller account of what is known res]>ccting atmospheric clcctridtf, 
and the mode of conducting: the oDserrations, see Becquerers TraiU dt 
V EitdriciU^ t. ir. pp. 79 — 125 , 
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> Hmnder atorms, of course, should be attended to; but it 
is of cottsequeuce also to notice distant lightning not accoin« 
panied wi& thunder audible at the phtce of observation, 
eq^cially if it take place many days m suceession, and to 
m^e the quarter of the horizon where it*appears, and the 
extent which it eisbraces. In an actual thunder storm, 
especial notice should be ta^en of the quantity of rain which 
falls, and of the fits or intermittances of its fall, as correspond- 
ing, or not, to ^eat bursts of lightning* as also of the 
direction of the wind, and the apparent progress of the storm 
with or against it.* • • * 

Registers. 

• 

The Register proposed by the Council miy be comprised 
in two skeleton forms, which have been supplied to the mkg- 
netical observatorips and to the Expedition. 

They are each calculated for one month's observation. 
The first form is for the insertion of observations as they are 
inade in their uncorreeted state. It consists of 12 princyal 
divisions, and is ruled across for 31 days, and for tne arith- 
metic^ convenience of casting up the sums and means of the 
quantities inserted* At the bottom of the sheet there is also 
a space provided for the hourly observations of the barometer 
and thermometers on the twenty-first day of the months 
which will be more particularly described after the explanation 
of the principal divisions. 

The outside compartments, both on the left and right of 
the sheet, are for the date of the month and the phases of 
the moon. • 

The second cofnpartment is for the height of the barometer, 
and the temperature of the mercury for the iFour regular 
periods of observation. • 

The third compartment is appropriated to the /lew-point 
hygrometer, and^contains also four columns for the four daily 
observations, each of which is subdivided into three ; for the 
temperature of the air, the dew-point, and the difference 
between the two. 

The fourth compartment is for the wel>-bulb hygrometer, 
and is similarly divided and subdivided for the temperature of 
the dry-and wet-bulb thermometer, and for their differences. 

The fifth compartment is prepared for the maxima and 


• On these subjects the Council especially recommend the attentive 
perusal of Arago’s lioUw sur le Tonnem, 
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minima of tlbmperature, and is divided bto three. In the 
first division, are to be recorded the maxima and minima of 
tl^rmometers carefully placed in the shade and screened from 
radiation. ln«tbe second, the maxima of a blackened ther- 
mometer exposed to the sun, and the minima of a thermo^ 
meter placed in a metallic mirror, and i^diating freely to the 
clear sky. The third is devoted*to occasional observations of 
the actinometer under favourable circumstances. 

The sixth codlpartment is for the temperature of the sur- 
foce-water ef the sea, or of any river in the immediate neigb- 
bourhoo(^^)f the observatory. • 

The seventh compartment is pre]>ared for observations upon 
the direction and force of the wind at the four regular hours 
of registry. In the left-hand column of each division is to 
be recorded the direction of the vane, and in the right-hand 
column the height of Lind’s gauge, in tenths of an inch 
of water. ^ 

In the eighth compartment the amount of rain is to be 
registered once in. the day; and in the ninth, the electrical 
state of the atmosphere, if possible, at the four periods, 3 
A. M., 9 A. M., 3 p. M., and 9 p. m. 

The tenth compartment is appropriated to remarks on the 
clouds, and weather generally ; and in the eleventh is to be 
noted, at noon, the longitude and latitude at sea. 

On a careful review of the month’s observations, the 
maxima and minima results should have the algebraic signs 
+ and — respectively affixed. • 

The second form is devoted to the corrected results of the 
observations, and to the optical comparison together of some 
of them, by their projection upon a scale of equal parts. 

The upper half of the sheet is vertical^ divided into two 
equal part#, each prepared for half the month’s observations, 
and accordingly ruled across into sixteen spaces for the (huly 
observations, and two for the sums and means of the quan- 
tities. *Each half is also divided into five gompartments. 

The first b for the date of the month and the phases of 
the moon. 

The second for the corrected height of the barometer at 
32^ Fahr. 

’The third is appropriated to the elastic force of the aqueous 
vapour corresponding to the dew-point, and which may be 
taken from Table 5, in the Appendix B. 

The fourth is for the maximum and minimum of tempera- 
ture, and the mean of the two^ 

And the fifth for occasional remarks. 

The lower half of the sheet is also vertically divided into 
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t«o equal parts, each of whicb^ is similarly divided into 31 
eoluums* for the daily observations of a month ; and these 
af ain sidi^vided into four, for the six-hourly observations of 
each day. The vertical lines thus formed ara divided into 6 
inches; and each inch into tenths of an inch, and half-tenths, 
by horizontal lines. , , , . . ..... 

The lefb-hand compartment thus ruled, is mtended for the 
projection of curves of temperature ; for this purpose each 
^th of an inch upon the scale must be reckoned a de^ee, 
which will be divided by the faint line into hdves^ 

The value of the degree may be arbitoarily fixe^ and in- 
serted in the margin according to convenience. Towards the 
upper part of the scale the results of the^ six-hourly obser- 
vations should each be marked by a dot in its appropriate 
space, and the dots may be afterwards connected by a line. 

The temperatures of the dew-point, or of the wet-bulb 
thermometer, or ^he mean temperature, may be compared 
with this primary result by projecting their curves in a similar 
way beneath it; and should the observations of these points 
be less frequent than four times in the day, the daily spaces 
may easily be divided accordingly. 

The right-hand compartment is appropriated to the projec- 
tion of curves of pressure, and the four daily observations of 
the barometer are to be marked by dots towards the upper 

f iart of the scale of inches, and afterwards connected by a 
ine. Towards the lower part of the scale the elastic force of 
the vapour is to be noted, and the marks to be similarly con- 
nected by a line. 

On either the scale of temperature or of pressure, occa- 
sional comparisons may be made with results obtained at 
other stations, which, if judiciously sekcted, cannot fail to 
prove of high interest and importance. They ^ould, how- 
ever, be laid down in pencil, or marked by a fainter 

At the bottom of the first skeleton form will be found a 
space prepared fqr the 24 hourly observations of the twenty- 
first day of the month, both in their uncorrected and their 
corrected state. It is divided into four compartments for 6 
hours each. The instruments which can with poost facility be 
observed in this manner, are the barometer with its attached 
thermometer, and the dry-and wet-bulb thermometers ; and 
columns are appropriated to each of these. It is desiraUe 
that the mean of each 6 hour should be calculated, and 
spaces have been provided accordingly for the arithmetical 

operations. • , ’ , . , 

In casting up the sums and ^calculating the means, care 
should be taken in all cases to verify the results by repetition ; 



m 


Expedition to the Antardtie Regions. 

and the Council recommend in every instance, before adding 
up the columns, to look down each to see that n6 obvious 
ertor of entry (as of an inch in the barometer, a very com- 
mon error) ma^ remain to vitiate the mean result. The pre- 
caution shoula 21so be taken of counting the days in each 
column, so as to make no mistake in the divisor. 

The skeleton forms will be interleaved wkh blank pages, to 
faci]itate compilations dnd comparisons, and to afford space 
for other orbservations of atmospheric phenomena, which will 
perpetually^ present themselves to those who make it their 
business or tneir pleasure \o watch the changes of the weather 
on a judicious plan. Tlie Council, indeed, wish it to be 
understood, that, in the suggestions which they have offered, 
they have taken into consideration only such observations as 
are indispensable for laying the first foundations of meteoro- 
logicaLscience ; some investigations of a more refined character 
they may, probably, make the subject of ^ future report. 

As soon as the register of a month’s observations has been 
computed, it should be copied, and the copy carefully com- 
pared with the original by two persons, one reading aloud 
from the original, and the other attending to the copy, and 
then exchanging parts, — a process always advisable whenever 
great masses of figures are required to be correctly copied. 

A copy so verified should be transmitted regularly to 
such person or public body, as, under the circumstances, 
may be authorized or best adapted to receive and discuss the 
observations. • 


ACCOUNT OF THE MAGNETICAL INSTRU- 
MENTS EMPLOYED AND OF THE MODE OF 
OBSEKVATiON TO BE ADOPTED, IN THE 
MAGNETICAL OBSERVATORIES ABOUT .TO 
BE ESTABLISHED BY HER MAJESTY’S GO- 

ver'^ment. , 

Thc elements on which the determination of the earth’s 
magnetic force is usually based are, the declination, the incli- 
nation, and the intensity. If a vertical plane be Conceived 
to pass through the direction of the force, that direction will 
be determined when its inclination to the horizon is given, as 
well as the an^le which the plane itself forms with the meri- 
dian ; and if, in addition to wese quantities, we likewise know 
the number which expresses th^ ratio of the intensity of the 
force to some established unit, it is manifest that the force is 
completely determined. 
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For many purposes,' however, and especially id Ihe 4elicato 
feseardies connected 44th the variations of the magnetic 
force, a different system of elements is preferable, llie inten- 
mty being resolved into two portions in the plane of the 
magnetic meridian, one of them horizmisU atm the other 
vertical^ it is manifest that these two eomponenta magr^be 
substituted for the total intJ^nsity and the inciinadoii ; While, 
at the same time, their changes may be determined with fat 
greater precision. The former Variables ar^ connected 
the latter by the relations • 

• * # 

X;=:Rcos5, > 

in which R denotes the intensity, Xand Y its horisontal and 
vertical components, and d the inclination; and the variations 
of d and R are expressed in terms of the variitions of X and 
Y by the formulae : ^ 

iR iX iY 

— = cos^ d 1 - sin® d — . 

R X Y 

As the instruments destined for the observation of these 
elements (with a set 9 f which each observatory is furnished) 
are, for the most ]»arti novel in form, it will be useful to give 
a somewhat detailed account of their construction and various 
adjustments, before entering on the plan of observation to be 
pursued. 

• * 

^ Declination Magnetometer. 

• 

Construction — The essential part of the declination mag- 
netometer is a magnet bar, suspended by fibres of untwist^ 
silk, and inclosec^ in a box, to protect it from the agitation of 
the air. The bar is a rectangular parallelepiped, 15 inches in 
length, |ths of an inch in breadth, and ^th of an inch in thick- 
ness. [n addition to the stirrup by which the bar is suspended it 
is furnished with two sliding pieces, one near each end. One 
of these pieces contains an achromatic lens, and the other a 
finely divided scale of glass ; the scale being adjusted to the 
focus of the lens, it is manifest that the apparatus forms a 
moving collimator, and that its absolute portion at any 
instant, as well as its chang^p of position from one instant to 
another, may be read off by a telescope at a distance. The 
aperture of the lens of this collimator is in^, and its 
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focal length lubout 12 inches. Each division of the scale is 
iTT^ part of an inch ; and the corvesponding angular quan- 
tity is about 43 seconds. 

To the suspension thread is attached a small cylindrical bar, 
the eiK^s of which are of smaller diameter, and support the 
stirrup which carries the magnet. The apertures in the stirrup, 
by \^hic4 it bangs on the cylind^, are of the form of inverted 
Y’s, so that the bearing points are invariable. A second pair 
of ifpertures at Yhe other side of the magnet, serves for the 
purpose of enversal ; and care has been taken to render the 
lines coiinftcting the bearing points of each pair of Y’s parallel, 
so that there may be no difference ' in the amount of torsion 
of the thread in the two positions of the stirrup. The two 
pairs of apertures are at different distances iyom the magnet, 
in order that the line of coHimation may remain nearly at the 
same height on inversal, and thus it may not be necessary to 
alter tfie length lof the suspension thread. The stirrup, and 
the other sliding pieces, arc formed of giTn metal. 

For the purpose of taking out the torsion of the suspension 
thread, the apparatus is furnished with a detorsion bar^ 
which (with its appendages) is of the same weight as the 
magnet. It is a rectangular bar of gun-mctal, furnished with 
a stirrup and collimator similar to those of the magnet. A 
rectangular aperture in the middle receives a small magnet, 
the use of which is to impart a slight directive force to the 
suspended bar, and without which the final adjustment of 
detorsion would be tedious and difficult. , 

The frame-work of the instrument consists of two pillars 
of copper, 35 inches in height, firmly screw ed to a massive 
marble base. These piyars arc connected by two cross pieces 
of wood, one at the top, and the other *7 inches from the 
bottom, hi the centre of the top piece is the suspension 
apparatus, and a divided circle used in determining the 
amount of torsion of the thread. A glass tube (betvvecii this 
and theYniddle of the low er cross piece) encloses the suspen- 
sion 'thread ; and a glass cap at top covers the suspension 
apparatus, and completes the enclosure of the instrument. 

The box is cylindrical, its dimensions being inches in 
diameter by 7 inches in depth. It rests upon the marble stab, 
and encompasses the pillars; and it is so contrived as to be 
raised, when necessary, for the purpose of manipulation. 
There are two apertures in the box, opposite to each other. 
The aperture in front, used for reading, is covered with a 
circular piece of parallel gla^, attached to ,a rectangular 
frame of wood which moves in dovetails ; the prismatic error 
of the glass (if any) is corrected by simply reversing the 

V(U..*IV. — No. -it, ISio. ‘ II H 
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slider in the dovetails. The opposite aperture isk-for the illu- 
inination ^of the scale. 

In addition to the parts abovemcntioncd, the instrumcntjs 
provided with a second magnet, of the same^ dimensions as 
the first, to be used in measurements of absolute intensity; a 
thermometer, the bulb of which enters the box, in order to 
determine the interiflr temperature ; and a copper ring, for 
the purpose of checking the vibrations. 

Adjmiment — The instrument having beto placed o» its 
support, the base is to be levelled, and the whole then fixed 
in its place. The levellingjof the, base may convotiiently be 
performed by the aid of a plumb-ljiie hanging in the place of 
the suspension thread ; but no great precision is required in 
this operation, the chief object of which is that the suspen- 
sion thread may occupy the middle of the tube, and that the 
magnet may be central with regard to its support. The sus- 
pension thread is then to be formed, and attached *at one 
extremity to the roller of the suspension apparatus, and at 
the other to the small cylinder which is to bear the stirrup 
and magnet. Sixteen fibres* of untwisted silk are suflScient 
to bear double the load without breaking, and will be found 
to form in other respects a convenient suspension. 

These preparations being made, the adjustments are the 
following : 

1. The sliders being placed on the magnet, the scale is to 

be adjusted to the focus of the lens, and in such a manner 
that the ^centre of gravity of the sliders may be near the 
piijddle of the bar. The adjustment to focus has been already 
made by the artist, and the corresponding distances of the 
sliders measured •> they will be found in Table 1. ^ 

2. T|ic magnet* is to be conne(*,te*d yith the suspension 
thread by means of the stirrup, and to be moved inthe stirrup 
until it /issurncs the horizontal position. This adjustment 
may* be conveniently eflected by means of the image of the 
magnet, reflected from the surface of water or mertniry, the 
object and its reflated image being parallel when the former 
is horizontal. The stirrup is then fastened by its screws, and 
the magnet w^ound up to the desired height. As the thread 
stretches considerably at first, allow^ance should be made for 
this in the height. 

3. t The magnet is then removed, and the unmagnetic bar 


* Kot the individual fibre of the silk-wornij but the compound fibre in the 
state in which it ills prepared fitr spinning. 

f It is obvious that this step of the adjustment may precede the 1st and 
2nd, where a saving of time is important. 
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(having its Vollimator similarly adjusted) is ta be attached, 
without its small magnet, and allowed to swing for several 
hours. The bar having come to rest, or nearly so, its devia- 
tion from the magnetic meridian is to be estimated^ and the 
moveable arm of the torsion circle turned through the same 
angle in an opposite direction. The plane of detorsion then 
coincides, approximately, with fhe magnetic meridian. 

4- Thfe magnet is then to be substituted for the unmagnetic 
bar^ and the teTtescope being directed towards the collimator, 
the point of the scale coinciding with the vertical wire is to be 
noted when the magnet is*m the direct and inverted positions. 
Half the sum of these re?adings is the point of the scale cor- 
responding to the magnetic axis of the magnet bar ; and half 
their difference (converted into angular measure) is the devia- 
tion of the lint of collimation of tlie telescope from the mag- 
netic gieridian. Tlic telescope should be moved through this 
angle in the opposite direction. 

5. In order to take out the remaining torsion of the thread, 
the magnet is again to be removed, and the unmagnetic bar 
(with its small magnet attached) substituted. The deviation 
of this bar from the magnetic meridian should then be read 
off on its divided scale, and the moveable arm of the torsion 
circle turned through a given angle in the opposite direction. 
The deviation being again read, a simple proportion will give 
the remaining angle of torsion ; and the moveable arm being 
turned through this angle in the opposite direction, another 
observation will serve to verify the adjustment. The plane 
of detorsion then coincides with the magnetic meridian ; and 
the magnet being replaced, the instrument is ready for use. 

Observations The •observations to be made with this in- 
strument are, 1. «nf the absolute declihation ; 2. of the 
variations'^ of the declination; and 3. of the absolute in- 
tensity. , , 

For measurements of the absolute declination each obser- 
vatory fs furnished with a small transit in.-^rument having an 
azimuth circle. This instrument being placed in the magnetic 
meridian of the declination instrument, the point of the scale 
coinciding with the central wire of the transit telescope is to 
be observed ; the interval betw- cen this point and the point*" 


* 111 determininc^ tliis point by ibe mean of two n* idiiip^s of the scale with 
the bar erect and inverted, care "must be taken to eJntiinatc the declii)ati<»n 
chanf^cs which may occur in the internal of the two parts of the observation, 
'riic horizontal force mugnetometi^r iiiay be applied to the purpose of this 
elimination. But pcrlmjis the simplest course is to take a. series of readings 
as rapidly as possible, allcriialcly in the two imsi lions of the bar, choosing 
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corresponding to the magnetic axis of the bar, eohverted into 
angular measure, is the deviation (S) of the line of collimation 
of the transit telescope from the magnetic meridian. .The 
verniers of the horizontal circle being then read, the telescope 
is turned, and its central wire made to bisedt a distant mark, 
whose azimuth (a) has been accurately determined. If a 
denote the angle read off on* the horizontal circle, it is mani- 
fest that the angle between the magnetic and Jhe astronomical 
meridians is 

a + a + • 

a and S being affected with their psoper signs. The angle a 
is supposed to have been previously determined by the help of 
the transit instrument. 

But instead of referring the transit telescope directly to 
the magnetic meridian by means of the moving collimator, 
the same result will be obtained, and probably in a better 
manner, by referring it to the line of collimation of the Jixed 
telescope^ with which the changes of the declination are 
regularly observed. For this purpose it is only necessary to 
employ the latter telescope as a collimator, the telescope being 
reversed in its Y supports, if necessary. A fixed collimator 
may also be conveniently substituted for the distant mark. 
This mode of observation has the advantage of connecting 
the absolute determination directly with the regular series of 
observations ; and it is manifest that it is sufficient, without 
any othei; means, to determine whether any, and what changes 
may have occurred in the position of the fixed telescope. 

The fixed telescopes, furnished to each observatory, have 
an aperture of If inches, and focal length of 14 inches. 
They should be £xcd upon a stone pi^ar, or upon a firm 
pedestal of wood resting on solid masonry unconnected with 
the floor. 

1ft observing the declination changes the fixed telescope 
(above referred to^ is alone employed. The observation con- 
sists simply in noting the point of the scale coinciding with 
the vertical wire, at three successive limits of the arc of 
vibration. The three readings being denoted by a, 6, c, the 
mean point of the scale corresponding to the time of the 
middle observation is 

J (a + 2 ft + c). 


for the time of observation a period ^len tlie declination changes are slow and 
regular. By comparing each result withdhe mean of the preceding and sub- 
sequent, and then taking the mean of all these partial means, a very accurate 
determination may be obtained, 
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This mode of obsen'ation is sufficient where the observer is 
not limited to a precise moment of observation. • Othen\ ise 
thQ. more exact method pointed out by Gauss is to be pre- 
ferred. • 

The changes bf position of the scale may be converted into 
angular measure, the angle corresponding to one division, 
being known. In general, however, this .reduction will only 
be required in jthe monthly mean results. 

before the true changes of tlie decimation can be deduced 
from the^observed readings, it is necessaiy to apjdy a correc- 
tion depending ui)on the force *of torsion of the sus])cnsion 
thread. For sup])osing £hat the jdane of detorsion has been 
brought (by the adjustments above described) to coincide yvitli 
the magnetic meridian, it is manifest that on every deviation 
of the magnet from, that, its mean position, the torsion force* 
will be brought into })lay ; and as this force tends to bring 
back tlie magnet to the mean ])osition, ap})areiit deviations 
must be less than the triu‘. ll)e ratio of the torsion force, to 
the magnetic directive force, is experimentally detennined bj' 
tuniing the moveable arm of the torsion circle through any 
given large angle (for exam]>le 00”), and observing the coiTos- 
ponding angle through which the magnet is d(‘flected. liCt 
if denote the latter angh*, and r the I’oriaer ; then the ratio in 
(luestion is, 

G if 

=: ' , f 

F /• — a 


in which G is the co-efficient of the torsion force, and F the 
moment arising froyi tin' action of the cMth’s magnetic force 
upon the lice magnetism of the bar, tlie direction of the action 
being siijiposed to be jHTpendicular to its magmatic axis. The 
ratio of *the two forces being thus found, the true declii/ation 
change* are deduced Iroiii the apparent, by multiph'ing them 
by the co-efficient * 

G 

1 + — * 

F 


In order to obtain an i^xact result by the mode of exjieri- 
nient above described, it is necessary that the actual changes 
of the declination wliich may occur in the interval of the two 
readings, should be eliminated. The obvious metliod of 
accomplishing this, is to'obsene the declination climigcs 



458 Instructions fir the Scientific 

simultaneously with a second apparatus. If siSch means, 
however, l^hould not be at hand, the object may be attained 
by making a series of readings with the vernier of the tori^on 
circle alternately in two fixed positions (for example + 90^ and 
— 90° ) ; the mean result will be independeift of the declina- 
tion changes, provided the progress of these changes has been 
gradual in the interval of the experiment. 

For the purpose of determining the absolute intensity^ of 
the horizontal component of the earth’s magnetic force, the 
Jeclinatioii instrument is provided with a deJtecUny ^ har^ and 
a beam compass to be used ih measftring its distance from the 
suspended magnet. The mode o^ obsoiTation has been so 
fiilly cx})lained by Gauss, in his valuable memoir entitled 
hiteusitas vis tvrrestris ad vicnsuram absolulam rcrocata^^ 
and in die first volume of the Result ale that it is uuncces- 

sarj’ to enter here into any details. 


Tlie following table contains the inteiTal of die sliders of 
the collimators, coiTesjamding to focal adjustment; and also 
the arc values of one division ol‘ the scale in each instrument, 
expressed in decimals of a minute. 

Taule 1. 


No. of 
Instrunipnt 

Observatory. 

Interviil of 
Sliders. 

Arc value of 
one division. 

I. 

H.M. S, Erebus 

inches. 

11-70 

6-7'2(>7 

IT. 

Van piemen’s Land 

•12-01 

0-7085 

ITT. 

Montreal 

11^-2 

g-7208 

IV. 

Cape of Good Hope 

11-18 

0-7525 

• V. 

St. Helena 

11-9(5 

0-7«08 


HoilIi^NTAL FuKCE MAGNETOMETER. 

The instrument employed in determining the horizontal com- 
ponent of the earth’s magnetic force is similar, in principle, 
to the “ bijilar magnetometer''' of Gauss. It is a magnet bar, 
suspended by two equi-distant wires, or (more accurately) by 
two portions of the same wire, the distance of whose bearing 
points is the same above and below ; by the rotation of the 
upper extremities of the wire round their middle point, the 
magnet is maintained in a pogition at right angles to the mag- 
netic meridian. • 
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It Js manifest from the nature of this suspension, that the 
of the suspended body will tend to bring lit into the 
position in which the two portions of the wire are in the same 
plane throughout Tlie moment of the directive force is 
G sill V ; — V denoting the angle formed by tlie lines joining the 
bearing points above and below, or the deviation from the 
plane of detorsion ; and G being; expressed by the formula 

G=ti—; 

I 

in wdiich w denotes the' W'*ight of the susj)i*iided body, a half 
the interval of the wires, and / their length. Idle earth’s 
magnvilc forc(\ on tlie other hand, tends t^ bring the mag- 
netic axis of the bar into the magnetic meridian with tin; ibree 
F sin n ; in which it is the deviation of the magnetic axis 
from th(‘ meridian, and F is the ]n’odiu‘t of the liorizontiil jiart 
the earth’s magnetic force into the nionieht of free magnetism 
ol the bar. The magiK't being thus acted on by two forces, 
Mill rest in die position in which tlu'ir moments are etjual 
When th^^ instmuKuit is so adjusted that ti = 90 or the 
magnet at right angles to the ma|^ietic meridian, 

F == G sin r ; 

and the ratio of yhe forces is known, when we know the angle 
Hut as one oi’ these forces is constant, and the other 
variables it is evident that the plaee of tin? magnet will vary 
around its mean ])osition, and that the variations of angle are 
connected with the viu'iatioiis t)f tlie force. This connexion is 
exjiressed by the formula 

rf F = F cotan r . d it ; 

the angle d ti being exjnvssed in jiarts e)f radius. 

Const ntcfio/i. — The magnet bar is of the same dimensions 
as that of the declination instrument. Tlu‘ collimator, by 
which ifr changes of position ;uv observed, is attached to the 
stirrup, and has a motion in azimutli. Tlie .suspemling win' 
passes round a small gi’ooi ed wheel, on the axis of which the 
stirruj) rests by inverted Y’s ; and the instrument js funiished 
'W’ith a series ol such wheels, whose diameters incn*ase in 
arithmetical i)rogression, (tlie common dilierence being 
about -jjyth of an inch,) for the purpose of varying die interval 
of the. wires. The exact intenals, con-esponding to each 
separate wheel, have been determined by die artist by accuraU' 
micrometrical measurciiunits ; dicy are given in Table III. 
The same interval is alteied,* at the upper extremity, by 
jig^ineans of two screws (one right-handed and the other h'ft- 
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handed) cut in the same cylinder ; Ae wires bein^f lodged in 
the intervals of the threads, and their distance regulated by a 
micrometer head. The interval of the threads of tliis screw 
(which is precisely the saiiKi for all the instruments) is yV^hs, 
or *02597 of an inch. The micrometer head* is divided into 
100 parts ; and, as on*; revolution of the head corresponds to 
two threads of the screw, a single division is equivalent to 
*0005194, or the ^^yWh of an inch nearly. The micrometer 
head has been carefully adjusted by the artist, so that tlie 
index is at zero, when the intcnal of the wires is cftactly half 
an inch. ** • * 

The collimator, in this instnimefit, is enclosed in a light 
tube attached to the stimip. The; aperture of the lens is 
about -r’Tyths of an inch, and its focal length about 8 inches. 
The divisions of the scale are the same as in the collimator 
of the declination magnetometer; the coiTesponding arc values 
have been ascertained for each instrument by accurate expe- 
riment, and are given in Table II. 

The larger parts of this apjiaratus, — the box, the framework, 
and the support, — are precisedy similar to those of* the declina- 
tion magnetometer, lii addition to the parts already described, 
the instrument is furnished with a spare magnet; a brass 
weight, required in detennining the plane of detorsion of the 
wires relatively to tKe magnetic meridian; a thermoiiu'tcr, the 
bulb of which is within the box, for the purpose oi* ascextiun- 
ing the interior temperature; and a copper ring used in 
checking the vibrations. 

Adjustmentfi . — ^The instrument being placed on its support, 
the base is to be levelled, and the whole ap})aratus fixed. 
Having then selected one of the /small grooved wheels, and 
fixed it, temporaiily, with its axis horizrntol, the wire is to 
^ be passed round it ; and the I’ree extremities of tlu^ wire being 
passed through the corresponding holes in the siy<j)cnsioii 
roller, placed beneatli, weights are to be attached, and the 
two portions of tl\e wire allow’^ed to assume their natural posi- 
tion; the extremities may then be fastened to the roller, by 
introducing small wooden plugs in the holes. The parts are 
then to be inverted, and put in their proper places ; the sus- 
pension apparatus resting on the divicled circle, and the wire 
hanging down the tube. 

The collimator (its scale haring been previously adjusted 
to focus*) is to be screwed on to the stirrup, and the latter 
attached to the axis of the grooved wheel by means of its 
Y’s. The magnet is then ijptroduced into Ae stirrup and 


t This adjustment has been already made by the artist. 
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levelled'; aiid the wires wound upon the roller, until the colli- 
mator is at the desired height 
•These preparations being made, the adjustments axe the 
following : • 

1. Determine experimentally the angle through which it is 
necessary to turn die moveable arm of « the torsion circle, in 
order to deflect the magnet from* the magnetic meridian to a 
position at right angles to it, the two positions being merely 
estimated. The cosine of this angle is, approximately, the 
ratio of the magnetic force to the torsion force, or the value 

F * • * 

of the fraction-^. The hearer this ratio is to unity, the 

more delicate will be the instrument ; practically, -fjg will be 
found a convenient value, if, on making the foregoing 
experipient, the ratio should be found to &11 below, or to 
exceed the proper limits, the torson force^must be altered by 
introducing a different wheel, and making the corresponding 
alteration in the interval of the upper extremities of the 
wires. 

2. Tlie magnetic axis being brought, approximately, into 
the magnetic meridian, by turning the moveable arm of the 
torsion circle, the collimator is to be turned, by its independent 
motion, imtil some point about the middle of the sc&de coin- 
cides with the vertical wire of the fixed telescope. This point 
of the scale is to be noted in the usual manner. 

3. The magnet is then to be removed, and the brass weight 
attached. Note the new point of the scale which coincides 
with the wire of the telescope. Then, if the magnet had been 
placed (in the previous experiment) in its direct position (i. e. 
north to north) the'^ewor of the plane of detorsion is 



V being the difference of the two readings, converted into 
angular measure. If, on the other hand, the magnet had been 
reversed (i. e. north end to south) the error is 

' 0 -') 

The moveable arm of the torsion circle is then to be turned 
through this angle, in the opposite direction ; and the mag- 
netic axis will be in the magne^ meridian. 

^ The difference of the two readings, corresponding to a 
i^^.given error, being much greater in the reversed than in the 
Vol. iV. — No. 24, Aprilj 1840. 1 1 
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direct position of the magnet, it folldw^' thaLt the fonii^ 
affords a diuch more delicate method of mahing the desired 
adjustment. * 

4. The brass weight remaining attached, turtf the moreable 

arm of the torsion circle through 90®. Then tuiii back the 
collimator, until some point .about the middle of the scale 
coincides with tho verticle wire of the fixed telescope and 
note the reading. ^ ^ 

5. Now remove the brass weight, and replace the magnet. 
The magnetic force of the earth usoll bring it back fb^ards the 
magnetic meridian, and the scale Aill be thrown out of the 
field of the telescope. Then turn the moveable arm of the 
torsion circle until the point of the scale last noted is brought 
to coincide again'with the wire of the telescope the magnetic 
axis is then in the plane perpendicular to the magnetic meri- 
dian, and the adjustment is complete. 

Observations ! — The observations to be made with this 
instrument are those of the absolute value of the horizontal 
intensity, and its changes. 

From the explanation of the princijde of the instrument, 
given above, it is manifest that it will serve to determine the 
moment of the force exerted by the earth upon the free 
magnetism of the suspended bar. Let X denote (as before) 
the horizontal part of the earth’s magnetic force ; m the 
moment of free magnetism of the bar ; then 

• w X = F, 

F haring the same meaning as before (page 230.) Hence, 
substituting the values of F and (3^^ we have 

• > • ^ • 

= w — sin?;; « 

* I 

• 

in which equation all the quantities of the second jnember 
may be obtained by direct measurement. The chief difficulty 
in this method consists in the determination of tlie quantity a, 
which should be known to a veiy small fractional part of its 
actual value! This difficulty has been overcome by the measur- 
ing apparatus connected with the suspension, which (as has 
been already stated] serves to determine the inter\"al of the 
wires, at their upper extremity, to the TO^w^h of an inch. The 
numbers given in Table III. for the lower interval, may be 
relied on to the same degree of accuracy. It is scarcely 
necessary to mention that thedength'of the wires, I, is to be 
measured between the points contact above and below. * 
The product of the earth’s magnetic force into the magnetic 1 
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moment ci llie bar being thus known^ the ratio of the same 
qoantides is to be determined by removing the b^r from the 
Stirrup, and using it to dejlect the suspended bar of the 
declixmtion ^instrument, according to the known method 
devised by Oauss, llie experiments of deflection may, 
however, be performed without the aid of the second magne- 
tometer, by operating upon another bar placed in the reverse 
position. This method has even the advantage in point of 
delicacy; butlt labours under the disadvantage of requiring 
that the value of p 

• should be determined for the second bar. 

Tlie chief use of this apparatus is in observing the 
of the intensity. In these observations it is only necessary to 
note, at any moment, the point of the scale coinciding with 
the vertical wire of the fixed telescope, the mode of observing 
being precisely tli^ same as in the other instrument. Let n be 
the number of divisions, and parts of^ didsion, by which 
the reading at any moment diffin-s from its mean value ; then 
the corresponding variation of the angle (in parts of radius) is 

du =n a: 

a denoting the arc value (in parts of radius) corresponding to 
a single division. Substituting this in the formula of page 
459, wc have 


rfF 

F 


n a cotan v = k n ; • 


k being the value of the constant co-eflicient a cotan r. The 
values of a have bqcn *det\;rmined for each of lire instruments, 
and are in Table IL 

The quantity F, in the preceding fonnula, is the product of 
the earth’s magnetic force in^ the moment of free magnetism 
of the^bar ; and as the latter quantity varies with the tempe- 
rature, it is necessaiy to apply a correction, before we can 
infer the true changes of the earth’s force. This correction 
is easily deduced. Since F = X w, there is 


dF rfX dm 



so that the correction to be applied, in order to deduce tlie 
value ofdX ^ ^ denote the temperature, in 

A m „ 
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degrees of Fahrenheit; q the relative change of ttfe magnetio 
moment corresponding to one degpree ; dien 

d m 

= ?(f~85). 

m 

Accordingly, the changes of the earth's force will be expressed 
by the formula * • 

rfX 

— = kn'^ 32). 

X 

It is not necessary that these reductions should be applied to 
the individual resets,, except in cases of m^ked change, 
where it is desired to trace the progress of the actual phenome- 
na. The results should be recorded aa they are observed, 
in parts of the scale ; and the reductions made in the monthly, 
or other mean values. 


Table II. contains the arc values of one division of the 
scale, in each instrument, expressed in decimole of a minute ; 
as also the same quantities reduced to radiue^ as the unit by 
multiplying by the number '0002909. 

Table III. contains the intervals of the axis of the wires 
corresponding to each wheel, in decimals of an inch; 
the wire used being that designated in commerce as silver 
fine 6.” 

Table II. 


• 

No. 'of 
Instrument. 

Observatory. 

• 

Arc values of one division. | 

In Minutes. | 

In parts of Radius. 

I. 

H.M.S. Erebus .... 

1-075 

•0003127 

II. 

VanDiemen’sLand 


•0003142 

III. 

Montreal 


0003124 

IV. 

Cape of GoodHope 


■0003153 

V. 

St. Helena 

[ 1080 
> 

■0008142 
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Table III. 


No. of 
IVheel. 

il. 

H.SfiS. 

Erebas. 

II. 

Tan Diemen’t 
Land. 

in. 

Montreal 

IV. 

Cape of Good 
Hope. 

V. 

St. Helena. 

1 

•2586 

•2549 

•2529 

'•2542 

•2536 

• 2 

•3b32 

•3058 

•3055 

•3055 

•3065 

3 1 

' *3529 

•3516 

■3529 

•3497 

•3513 

4 ' 

-4058 

•4088 

•4078 

•4052 

•4071 

5 

•4562 

■4555 

•4581 

-4555 

•4545 

6 

•5055 

•5071 

•5042 

•5055 

•5058 

7 

•5555 

•5604 

•5588 

•5565 

•5591 

8 

•6071 

•6071 

•6071 

•6097 

•6081 


Vertical Force MAGNETOAfEXER. 


The instrument used in determining the changes of the vertu 
cal component of the magnetic force is a magnetic needle 
resting on agate planes, by knife edges, and brought to the 
horizontal position by weights. From the changes of position 
of such a needle, the changes of the vertical force may be 
inferred, when we know the mean inclination at the place of 
obsen^ation, the azimuth of the plane in which the needle 
moves, and the angle which the line connecting th§ centre of 
gravity and centre of motion makes witli the magnetic axis. 
As, however, the determination of this latter constant would 
involve the necessity of considerable additions to the appara- 
tus, the plan adopted h^ been to adjust the needle so t^t the 
angle in (Question ^all be nothing. Tlie centre of gravity 
being thus brought to some point of the magnetic axis, the 
changes of the vertical force are connected with the changes of 
the position of the needle by the formula. 


£F 

F 


cos a . cotan 




d S denoting the change of angle in parts of radius, a the 
azimuth of the plane in which the needle moves, and B the 
inclination. 

Construction . — ^The magnetic needle is 12 inches in length. 
It has a cross; 9 f wises at each extremity, attached by means 
of a small ring of copper ; the interval of the crosses being 
18 inches. ITie axis of the nSedle is formed at one part into 
a knife edge^ and at the opposite into a portion of a cylinder ^ 
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having this edge for its axis, the edge being adjusted to pass 
as nearly^ as possible through the centre of gravity of the 
unloaded instrument. The weights by which Ae other 
adjustments axe efiected are small brass screws moving in fixed 
nuts, one on each arm; the axis of one of»the screws being 
parallel to the magnetic axis of the needle, and that of the 
other perpendicular to it. 

The agate planes upon which the needle rests are attached 
to a solid support of copper, which is firmly fixed to a mas- 
sive marble base. In this support there is a pirovision for 
raising the needle off the planes, the contrivance for efiecting 
this object being similar to that employed in the inclination 
instrument. The whole is covered with an oblong box of 
mahogany, in oue side of which are two small glazed aper- 
tures, for the purpose of reading; the opposite side of 
the box is covered with plate glass. A thermometer, within 
the box, shows the temperature of the interior air and a 
spirit level, attached to the marble base, serves to indicate 
any change of level which may occur in the instrument. 

The position of the needle at any instant is observed by 
means of two micrometer microscopes, one opposite each end. 
These miscroscopes are supported on short pillars of copper, 
attached to the base of the instruments They are so adjus- 
ted that one complete revolution of the micrometer screw 
corresponds to 5 minutes of arc. The micrometer head is 
divided into 50 parts ; and, consequently, the arc correspon- 
diim to su single division is 0^*1. 

In addition to these parts, the apparatus is provided with a 
brass bar of the same length as the magnet, (furnished like it 
with cross wires at the extremities, and knife-edge bearings,) 
for the purpose of* determining the zero^points of the micro- 
meters; a brass scale, divided to KK, used in adjusting the 
value of their divisions ; and a horizontal needle, to be em- 
ployed in determining the azimuth of the vertical plane in 
which the needle moves. 

AdjustmeniSr^Th^ following are the adjustments required 
in this instrument : 

1. The instrument being placed on its support, in a suita- 
ble position with respect to the other two instruments, the 
azimuth of the plane in which;the needle is to move may ^be adjus- 
ted in the following manner. The plane is made to coincide, 
in the first instance, with the magnetic meridian, by means of 
the horizontal needle which moves upon a pivot fixed to the 
top of the scale. A small theodolite (or other instrument for 
measuring horizontal angles) is then placed on the base ; and 
its telescope brought to bear on a distant mark. The teles- 
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cope should then be moved through a horizontal angle equal 
to the intended azimuth of the instrument, but in an‘* opposite 
direction. Hie base of the instrument is next to be turned, 
without disturbing the theodolite, until the mark is again 
bisected by the wires of the telescope: it is then in the 
required azimuth. Tlie base should then be levelled, and 
permanently fixed. • 

2^ The microscopes should now be adjusted, I. to bring 
the image of the cross wires of the needle to coincide with 
the wire^^of the microscopes; and 2. to make the arc 
value of the interval of tHb wires* corresponding to one revo- 
lution of the micrometer head, exactly equal to five minutes*. 
Thfese arrangements have been nearly effectcS in the first 
construction of the instrument ; for the pufpose of comple- 
ting the adjustment, the microscopes are capable of a double 
motion, one of the entire body of the instrument, and the 
other of the object glass alone. It is manifest that these two 
movements are sufficient to effect both adjustments. The 
former is attained when the cross of wires is seen distinctly (and 
without parallax) at the same time that the microscope wires 
are exactly in the focus of the eye-piece ; the latter is accom- 
plished when the moveable wire of tlie microscope is made to 
pass over a given number of divisions of the sceue, by double 
the number of complete revolutions of the micrometer head. 

3. The fixed wires of the microscopes are then to be adjus- 
ted to the same horizontal line. This is effected by means of 
the brass needle. This needle being placed upon the agate 
planes, by its knife edges, and allowed to come to rest, it is 
manifest that the line joining the cross wires w ill be horizon- 
tal, provided it be perpendicular to the line joining the centre 
of gravity and the ai^is. To effect this latter adjustment, the 
needle (a great part of wdiose weight is disposed below the 
knife edge) is furnished also with a small moveable we^ht. 
The tes4 of the adjustment is similar to that of the correspon- 
ding adjustment of the ordinary balance..^ The moveable 
wire of one of the microscopes being bi^ught to bisect the 
cross, if the adjustment is complete, it wifi bisect the cross 
at the other extremity upon reversal ; if not, the position of 
the needle will indicate in what manner the weight is to be 
moved. 




* This adjustment is. by no meaiu a i^ccssary one. It is sufficient for all 
purposes if the arc value corresponain^ to me revolution of the micrometer 
be Bcciiratcly known. 
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A:liq^ntd li^ llie fixed wireiof 

die i&idrbleopes iwid be adjusted to it, by moying the cap- 
stan^ieaded screws with which they are connected. 

. 4. ^.The last adjtisto^t ^is that of the magnetic needle 
itself.^ This aS|tistitii^ is twofold : 1. of the ne^le to the 
horizontal posinon ; and 2. of the centre of ^avity of the 
needle to the cna^ettc axis; To effect this double adjust- 
ment the" needle is furnished wi^ two moving /reigbts, one on 
each arm. These weights (it has been already stated) ^are 
screws moving in fixed nuts, one in a direction parfillel to the 
magnetic axis of the needle/ and the other in a direction at 
right angles to it. By the movemenf of the former the needle 
is brought to* the horizontal position ; and by that of the 
latter, the centre'of gravity is made to coincide with the mag- 
netic axis. The latter part of the adjustment; is tested by 
inverting the needle on its supports ; the incijipation of the 
needle should not be altered by this inversion when the 
adjustment is complete. 

Observations ^ — In observing the variations of the vertical 
force with this instrument, it is only necessary to bring the 
moveable wire of each micrometer to bisect the opposite cross 
of the needle ; unless in seasons of disturbance, the needle 
will be found at each instant to have assumed its position of 
equilibrium. The interval between the fixed and moveable 
wires, expressed in angular measure, is the deviation of the 
needle of the horizontal position; and the changes of the 
vertical fdrce are thence obtained by multiplying by a con- 
stant coefficient. 

If n denote the number of minutes, and parts of a minute, 
in the observed angle of deviation, the changes of the force 
are expressed (as m the case of the other component) by the 


rfF 


= k m 


in which the constant coefficient is 


• A; = cos a contan d sin 

The quantity F in the preceding formula is the product of the 
vertical component of the earth’s magnetic force multiplied 
by the moment of free magnetbm of thq, needle ; or 

, F = m Y. 

Aecordingly the results thus deduced require a correction for 
the effects of temperature upon the quantity m. Tliu correo> 



twm,i6 to that uppUed. to the h9ntont^ iptcireity ; ..And 

the ^rracied expi^eKion of the (Ganges' pt the verttcsQ tfom- 
p(>nent is accordtogly J-'h' 

^ • \^^kn+qrt~^i \ \ - ' 

wl&jpre / denotes the actual temperature* (in degreen of Fah- 
renheit) At^the time of observation, and q the relative change 
of the magnetic!' moment of the needle corresponding to one 
As in the case of the other instruments, however, 
it is not hi general necessajy to applj these reductions to the 
individual results. 

^ ^ Times of Obseuvatiox. 

The objects* of inquiry in terrestrial magnetism may be 
naturally classed under two heads, according as they relate, 
1. to the absolute values of the magnetic <?lemcnts at a given 
epoch, or their mean values for a pi\i‘n period ; or 2. to the 
variations which these elements undergo from one epoch to 
another. It wall be convenient to coll^i(lc^' separately the 
observations relating to these two branches of the subject. 

Absolute Determinatioxs. 

By the method of observation whic h has been suggested 
for the absolute declination^ every determination of the posi- 
tion of the declination bar is rendered absolute. Wc have 
only to consider the varying angle between the magnetic axis 
of the bar and the line of colliniation of the fixed telescope, 
as a correction to be applied to the constant angle (already 
determined) betweeVi the latter line and t\io meridian. It is 
manifest that if the of the line of colhmation of the 

telescope' could be depended on, a single determination of-the 
latte.r angle would be sufficient. But this is not to be trust- 
ed for any considerable period; and it -.ill be tberciore 
necessary, from time to time, to refer th^'^line of collimation 
of the telescope to the meridian, by means of the transit 
instrument. This observation may be repeated oiite a vionih^ 
or more frequently if any change in the position of the tele- 
scope be suspected. 

In the case of the intensity^ there is another source of error, 
(besides that due to a change in the position of the iiisl.ru- 
ments) which can only he guarded against by a repetition of 
absolute measurements. ’ The magnetic moment of the mag- 
net itself may alter ; and the observatic ns of intensity changes 
VoL. IV. — No. 24, Aprils 1840, K k 
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afford no means of separating this portion of the 'effect frm 
that due to a change in the earth’s magnetism. This sepaTe»-' 
tion can only be effected by means analogous to th(»e / 
employed in the determination of the absolute value of 
horizontal intensity; and accordingly one or other ' (ot 
both) of the method^ proposed for this determinatioa abou|d 
be occasionally resorted to. It is desirable that this^ ol^je^^ . 
tion should be repeated once in every month y ,.and , 
frequently, whenever the changes observed ^Atbijthef horjco^ * 
tal force magnetometer indicate, by their 
character, a change in the magnetic moment of** the sush/ 
pended bar. . 

It would be easy, in theory, to devise a method b^^iidiieh 
the vertical force magnetometer might be made to serve in 
determining the absolute value of the vertical intensity. The 
means which at present offer themselves appear, however, to 
be surrounded with practical difficulties ; and it seems safer to 
deduce this result indirectly. From the formulae given in 
page 452, we have 

Y = X tiin 6 ; 

so that if the incUnaiion 6 ho known, and the horizontfil 
intensity X determined in absolute measure, the vertical inten- 
sity Y is inferred. 

For the puqiose of ohsening the clement 0, each observa- 
tory is furaished with an inclination instrument, tlie circh^ of 
which is ^9^ inches in diameter. The observation should be 
made in an open space, sufficiently remote from tlie magnets 
of the ol)ser> atory, and from other disturbing influences ; and 
a series of measures should be taken HhnnUaticonsly with the 
two intensity magnetometers, for tli^ puri)ose of eliminating 
the cliangps of the inclination which occair in the course 
of the observation. As to the mode of observation, the host 
seems to be the usual one, the plane of the circle coinciding 
with the magnetic meridian ; but for the puipose of te sting the 
axles of the neecEes, and the divided limb of the instrument, 
it is desirable that some obsenations should be made in 
various azimuths ^ — ^for example, every of the azimuth 
circle coinmeiiciiig with the magnetic meridian. Tlie inclina- 
tion is then inferred, from each pair of con-espoiiding results, 
by the formula 

cotan® 0 = cotan® f + cotan® ; 

? and r being the observed angles of inclination in two jdanes 
at right angles to one another. Where the inclination is great 
(as at Montreal,) tins method will serve to test only a limited 
portion of the circumference of the axle and limb. In this 



471 


Expedition to the Antarctic Regions. 

<^e4ihe best course appears to be that pointed out by Major 
namely, to convert one of the needles, temporarily, . 
a'' needle on Mayer’s principle, by loading it with sealing- 
and to deduce the inclination, from the angles of 
' 1 ^‘sition of the JoSided needle, by the known formula of Mayer. 
’The^ observations here suggested having been very carefully 
; and the inclination changes eliminated in the manner 

explained, the observed difference Between die mean 
"^<^he result mtained in the magnetic meridian^ should be 
, ^plied 4s ^ correction for the errors of axle and limb to all 
fhture observslftions made in the meridian. 

/These observations shcubld be made at the same periods as 
thos^ df ’tfce Sbsolute horizontal intensity, 

•Variation of the Elements. 

The variations of the magnetic elements are, 1. Those 
variations whose amount is a function of the hour angle of the 
sun, or of his longitude ; and which return to their original 
values at the same hour in successive days, or the same 
season in successive years. These, from their analogy to the 
corresponding planetary inequalities, may be denominated 
periodical. 2. The variations, which are either, continually 
progressive^ or else return to their former values in long and 
unknown periods ; those may in like manner be denominated 
secular. 3. The irregular variations, whose amount changes 
from one moment to another, and which observe (apparently) 
no law. 

The periodical variations (with the exception of those of 
the declination) have hjtherto been little studied ; and, even 
in the ease of the sipgle element just meniioned, the results 
have scarculy gone beyond a general indication of the hours 
of maxirpa and minima, and of the changes of their amount 
with the season. The subject is nevertheless of the hiffhest 
importaJice in a theoretical point of view. The phenomena 
depend, it is manifest, on the action of solTir heat, operating 
probably through the medium of thermo-electric currents 
induced on the earth’s surface. Beyond this rude guess, 
how^ever, nothing is as yet known of the physical cause. It 
is even still a matter of speculation whether the solar influ- 
ence be a principal^ or only a subordinate cause, in the 
phenomena of terrestrial magnetism, lii the former case, the 
periodical changes are to be regarded as the effect only of the 
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variations of that influence; in the latter, they must be 
considerefd as its entire result, the action in this case only 
s^ing to modify the phenomena due to some more potent 
ctfuse. It may be fairly hoped that a diligeift study of this 
class of phenomena will not only illustrate tliis and other 
doubtful points in tiid physical foundation of the science; but 
also, w'henever that physical cause shall come to be fully 
known, and be made the basis of a mathematical theory, the 
results obtained will serve to give to the latter a numerical 
expression, and to test its truth. Even the knowledge of 
the empirical laws of the liourly •and monthly fluctuations 
must prove a considerable accessioh to science ; and (as one 
of its more obvious a{)j)lications) will enable the observer to 
reduce his resuks, as far as this class of changes is con- 
cerned, to their mean values. 

For the comj)lete determination of the hourly and nmnthly 
changes of the magpetic elciuents, a persevering and labouri- 
ous system of observation is requisite. The irregular changes 
are so frequent, and often so considerable, as (partially at 
least) to mark the regular ; and the observations must be 
long continued at the same hours, before we can be assured 
that the irregularities do not sensibly affect the mean results. 
Again, in a theoretical point of view, the nocturnal branch 
of the curves by whicti the periodical changes are represented 
is quite as important as the diurnal ; and it is manifest that 
nothing can be done towards its determination without the 
co-operation of a number of observers. At each of the 
observatories about to be founded by the liberality of Her 
Majesty’s Government, there will be three assistant observers 
placed under the (ionimand of the director; and it is intended 
that the observations shall be taken ever^ two hours through- 
out the twenty-four. In order that this series of d!)servations, 
whigh is especially destined for the determination of the 
periodical changes, may at the same time cast soipe light 
upon the irreguljy movements, it is proposed that they shall 
be simultaneous at all the observatories. The hours which 
have been agreed upon are the even hours (0, 2, 4, 6, &c.) 
Gottingen mean time. It is likewise intended that one ob- 
servation of the twelve shall be a triple observation, the 
position of the magnets being noted five minutes before and 
after the regular hour. The time of this triple observation 
will be 2 P.M., Gottingen mean time. 

The barometer, and the wet and dry thermometers, will 
bo registered at each of th^ twelv’e magnetic hours. No 
observation will he taken on Sunday. 

No distinct series of observations is required for the deter- 
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mination of the secular variations. In the case of ^the cfecZt- 
naiion^ the yearly change will be obtained by a comparison 
of the monthly mean results (for the same month and same 
hour ) in succ^sjive years. The observations of two years 
only will thus furnish 144 separate results, from which both 
the periodical and the irregular changes are eliminated ; so 
that great precision may be expected in the final result, not- 
withstanding the limited period of observation. The same 
mo(Ie of i^'diictioii will apply to the two components of the 
intensity^ provided that no change shall have taken place in 
the magnetic moment of*the bars employed. In the latter 
event, recourse must be\ad to the absolute det«Tminations 
for a knowdodge of the secular changes. 

The subject of the irnynlar movements* has acquired a 
prominent, and almost absorbing interc'st, from the recent 
discowries of Gauss. It has been ascertained that the 
resultant direction of the forces, by wJiich the horizontal 
needle is actuatt'd at a given place, is inassantly varying, the 
oscillations being sometimes small, sometimes very considera^ 
ble : — that similar fluctuations occur at the most distant parts 
of the earth's surface, at which corresponding observations 
have been as yet made ; — and that the instant of their occur- 
rence is the same every where. The intensity of the 
horizontal force has been found subject to analogous per- 
turbations. 

l^'or the full elucidation of the laws of these most interesting 
phenomena, it is of the first importance that the stations of 
observation should be separated as w idely as possible over the 
earth’s surface, and that their positions should be chosen near 
the points of maxima mid minima of the magnetic elements. 
This has been in a gre^. measure aceomplislic*! as regards the ob- 
servatories about to be founded by Her Majesty’s (lovernmcnt. 
I'hc stations are wide asunder in geographical position, mnd 
they ar ^4 in the neighbourhood of points of prominent interest 
in reference to the isodynamic lines. The x'sults of observa- 
tion at these stations will soon testify whether the shocks to 
which the magnetic needle is subject, are of a local or of a 
universal character as regards the globe ; and in dither event 
we may expect that they will furnish information of great value 
(in reference to a physical cause) as to the magnitude of the 
phenomena in diflFerent places, and the elements on which it 
depends. 

In the observations destined to illustrate these phenomena, 
it is proposed to follow,' as, nearly as possible, the plan laid 
down by Gauss. One day in each month, namely, the last 
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Saturday^ will be devoted to simultaneous observations on 
this systfim; the observations commencing at 10 p.m. of 
the preceding eve (Gottingen mean time,) and continuing 
through the 24 hours. • 


LXIX . — On Electro-Magnetic Forces. By J.^P. Joule, Esq. 
• 

1. About the commencement of last April, I ftjgde some 
experiments in electro-magfietism, *which I had the pleasure 
of communicating to the readers df this excellent work, in 
two letters to the Editor, dated on the 28th of May, and on 
the 10th of July. I am desirous of making some additional 
observations on that subject, especially as suusequent expe- 
rience has enabled me to place in a more correct view some 
of the eiFects I then witnessed. 

2. I have shown* that when a current of voltaic-electricity 
is transmitted through the coils of two electro-magnets, their 
mutual attraction is in the ratio of the squares of the quantities 
of electric force : and also that the lifting power of the 
“ horse-shoe” electro-magnet is governed by the same law. 

3. I have recently made experiments which prove that the 
attraction of the electro-magnet, for a magnet of constant 
force, varies in the simple direct ratio of the quantity of 
electricity passing through the coil of the clcctfo-raagnet. 
(In order to succeed, it is necessary to guard against the 
effects of induction by a proper arrangement of the appswatus.) 

4. Magnetism appears therefore to be excited in soft iron, 
in the direct ratio of the magnetising electric force; and 
electro-raagnctic attraction, as well as tiie attraction of steel 
magnets, may be considered as proportionate td the product 
of the intensities of each magnet, or, which is 4hc same 
thing, to the number of lines which may be drawn^between 
the several magnetic particles of the attracting bodies. 

5. This view is illustrated by figs. 1, 2, and 3, Plate XI. 
where the several attractions of the magnetic particles, viz. 1 to 
1, 2 to 1, and 2 to 2 arc represented by the number of lines 
drawn in each instance, 1, 2, and 4. 

6. I have recently understood, that the Russian philoso- 
phers Jacobi and Lenz, have arrived by their experiments, at 
some of the same conclusions with regard to the laws of 
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electro-magnetic attraction. I have not read their papers, 
but shall be most happy if they shall be found to confirm the 
results of my observations. 

7. Fig. 4, *vill perhaps illustrate, with a considerable 
degree of accuracy, the complex action of the forces which 
constitute the aggregate attraction \vhi(;h exists between two 
magnets, for instance, A. and B. The magnetic particles 
of which six onjy A, c, rf, are draw n, may be conceived 
to b 0 »of an indefinitely large number spread throughout the 
region of the “ poles and the several forces are represented 
by the stAight lines drawn been those particles. 

8. If this view be correict, it is obvious that the closer the 
approximation of the magnetic particles in each system, the 
greater will be the magnetic attraction ; fordn that case the 
particle a will •both be nearer the particle/*, and the force 
exerted between them will be in a less oblique direction. 

9. It was in consequence of my entertainment of a differ- 
ent hypothesis, that I was led to imagine that I had detected 
a decrease of power on increasing the length of the electro^ 
magnet; in Vol. 4, page 13(J and 137, is a comparison of 
the powers of three electro-magnets of the several sizes, 

yt ttj of an inch square, w ith those of tw^o whose 
sectional areas were respectively, one inch square, and one 
inch by 2 iiudies. It is probably in a great measure the 
consequence of the principle, (7) that the moan power of the 
latter, was found to be less than that of the former, in the ratio 
of 7000 to 10G4G; and this observation is further •corrobo- 
rated by the fact, that, of the long electro-magnets the less 
powerful has the more extended ‘‘pole.” It would, however, 
be a matter of no difficulty to determine the inflence of length 
on magnetic conductign. • 

10. Ilenctc also a correction should be applied to the attrac- 
tions of tjie larger electro-magnets* in order fairly to compare 
their re^ective powers with those of smaller dimensions. 1 
will not venture to decide its amount, as that will be entirely 
dependant upon the distances of the polar particles, (7), from 
the ends of the electro-magnets; if were added to the 
attractions o})posed to Nos. 5, they would I think, be plac^ed 
in pretty correct comparison with Nos. 1. 

11. These corrections are not however of sufficient amount 
to affect the general conclusion to which I have come, with 
regard to the law's under w hich magnetic attradion, (as appli- 
cable to the production of motive force,) is developed by 
electricity, viz.: That the attraction of two electro-magnets 
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towards each oilier^ is in every case represented hy the formula 
M = fV%E\ where J/, denotes the magnetic attraction, 
Wy the length of tvircy and E the quantity of electricity 
conveyed by that wire in a given period of t%me ; a formula 
modified merely by the effects, of saturation, of the con-^ 
ducting power of iron, and of the distance of the coils from 
the surface of the iron. 

12. I have observed, that magnetic and electro-magnetic 
attraction decreases, in certain cases, in the simple ratio of 
the distances. This was found to be particularly^ the case 
when the magnets were long, and the distances bet\’v een them 
small. Mr. Harris has observed ^he same effect, see his 

Experimental Inquiries concerning the laws of Magnetic 
Forces.” It may, be princii)ally accounted for by the complex 
action previously illustrated. It is impossible, .to doubt that 
the law of magnetic attraction is inversely as the squares of 
the distances. 

13. I shall now in accordance with my promise enter into 
tihe detail of some experiments with the electro-magnetic 
engine described in the ‘‘Annals” for October, 1839; and 
first it will be proper to describe the apparatus 1 had occasion 
to use. 

14 . The galvanometer w as constructed on the plan which 

was described in pages, 131 and 132, of the present volume. 
The coil is rectangular, 12 inches long and 6 inches broad ; 
the copper wire is of inch thick, and the length of the 
needle rather less than 4 inches. To make it more exten- 
sively available, I have drawn a curve, whose absciss?© are 
the degrees of the circle, and whose ordinates are the quantity 
numbers corresponding to those degrees, in this w?iy I can 
interpolate to any extent the quantity divisions previously 
obtained by experiment. ^ 

15. I recommend this form of the galvanometer wdth great 
confidence, because, 1st, I'he method of tangents is only 
applicable when the diameter of the coil bears a veiy large 
ratio to the length of the needle, and 2ud, Because you can 
by passing the electric current through 1, 2, 3, 4, &c. coils, 
increase thp delicacy of the instrument accordingly. 

16. I have principally made use of Wollaston’s 4 inch 
doubly coppered batteries, with amalgamated zinc plates, 
and charged with a solution of sulphuric acid. I shall perhaps 
describe at an early opportunity an expeditious and convenient 
method of fitting uj) both this battery, and the admirable 
instrument of Mr. Grove. 

17. In the subsequent exjferinients, the engine was fitted 
up with^^the hard iron, and hard wir^, revolving electro- 
magnets. After a few trials with powerful batteries, finding 
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it inpracticable to work with the highest intensity arrange- 
ment, I soldered the ends of the three wires of eaali electro- 
nxagnct together, and united the combined wires in such a 
manner, that the electric current passed through 424 yards 
of threefold conducting wire. 

18. In the tables underneath, the ^rst column indicates 
the quantity of electricity; the second, the diflFerenccs of 
those quantities ; the third, the velocity’ of the revolving 
elec^o-rnagnets, in feet, per second; the fourth, the duty, in 
pounds rateed per second of time, to one foot in lieight ; .and 
the fifth,\he duty, in pounds raised to the height of one foot 
by the agency of one pound of zinc. 

ly. In calculating the amount of duty, I found that in this 
arrangement, 12*4 of electricity was just sufficient to keep 
the machine in motion, when the friction, referred to the 
revolving electro-magnets, was equal to 10 ounces avoirdu- 
poisc; the same amount of electricity wa^ wh.itever the velo- 
city, always able to overcome exactly lue same amount of 
friction ; 1 therefore felt justified in making it a has is on which 
to calculate the force clue to other quantities of electricity. 
The duty in. the fifth column is calculated on the basis of the 
decomposition of water effected by a given quantity of elec- 
tricity ; I consider it as an approximation to the triitlv I 
may just observe that the friction has been altogether neglec- 
ted, and that whenever the motive force w as not sufficient, 
mechanical means were resorted to in order to overcome it; 
this course was adopted, because the friction is not at all 
to be considered as an element in the subsequent obser- 
vations. 

• Table 1. ' 

• • 

• 80 pairs of Wollaston's plates. 

• (A mean of 3 trials.) • 


151e<?ti*icity. 
24-() 

21-6 .... 

19-6 .... 

18 - 0 .... 

16-5.... 

150.... 


dif. 


2 


1-6 


1*5 


1-5 


Velocity. 

I a a . • . .0 . • • • 
2 ... 
■ a . a . 4 . . a 

I • . 8 . • < 

10 .. 


Duty. 

a . .0. • • • 

. 3-8 .. 
. 6-25 
. 7-89 
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Ec 0 n 0 mic. 1 l duty. 

r 0 

21960 

39740 

54800 

66950 

76140 

L L 


9-15 
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TablS 2. 

40 pairs of Wollaston’s plates. 


(A mean of 2 trials.) * 


Electricity. 
11-8 

dif. * Velocity. 
0 

Duty. 

Economical duty 
0 

10*2 

1-6 

> •••••■ ...a a •« .2 a a a 

. -85 



*8 c 

o 


9-4 

4 

. 1 14...., 

38300 

8-6 

•8 

t. • a a a a a a • . .6 aaaaa 

.1*80 


8-0 

•6 

‘ • a a a a a a a a a • a *8 a a 

>2 08 

65000 


Table 3. 

10 pairs of Wollaston’s plates. 


6 0 ...f. 0 0 


4-2 

•8 

o 

»aa.a^aaaa« 

....•14 

33300 

3*6 

.6 

,.,,4 

....*21 

58300 

3-3 

•3 

6 

-265 


3 .•ct.aa 

•3 

8.... 

*292 



Table 4. 

Grove’s battery of 10, 4 inch, plates. < 
(Not very eflSciently charged.) 


17-6 

3 3 

1 a a a a aO a a • a 

0 


14.3 

1-9 

2 

,. 16-6 

....116080 

12-4 

1.4 

a a .4 a a a < 

... 2*5 

....201600 

ll-O 


a a .6 a a a 

... 2-95 

.... 268200 

10-3 

•8 


• 

..‘ 3-38 

aaaa wwUmW 

....331400 
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20. I now united the conductors in such a manner, that the 
fluid was divided between each pair of stationary, ind revolv- 
ing, electro magnets ; in this case, the electricity passed 
through 212 yards of six-fold wire. 

Table 5 . 

A quantity arrangement of two 40 pairs of 
Wollaston’s plates. 


Electricity. 

dif. Velocity. 

Duty. 

Economical 

■ 

0 ... 

9 

• • .0 

0 

43 

5 

.. 3-7() 

21800 

33 

• 

.............. 4.... 

3-2 

.. 5*87 

.*.....38600 

.348 .... 

6 

2-6 

.. 7*38 

• 

53100 

32-2 

8.... 

2-4 

..8 42 


29-8 

10.... 

.. 9-02 

75700 


Table C. 


A quantity arrangement of two 20 pairs of 
Wollastons plates. 


28-2 


..0 ... 

...0 

0 

23-2 

5 

..2 ... 

... 1-1 

.. 23700 

20-7 .... 

25 

..4 .. 

.... 1-74 

...42000 

19-0 

1*7 . 

..G .. 

..,. 2-205 ...*.., 

... 58000 

17 ( i 6 ... . 

1-4 

..8 ... 

.... 2-52 

...71600 . 


Table 7 . 


A quantity arrangement of two 
Wollaston’s plates. 

it) pairs of 

16-8.... 

0 . 

3 

0 

:...0 

13-8 

2... 

1-6 

-387 ... 

28000 

12-2 

4.. 

1-2 


49600 

11.0.... 

...... 6 ... 

1-0 

..^.....*738 ... 

67100 

10-0 


-813... 

81300 



^80 0/i likctro-Magneiic Forces^ 

21 • The above examples will show pretty clearly the efiFects 
of magnetic electrical resistance. Thb resistance is the 
prime obstacle to the perfection of the electro-magnetic 
engine, and in proportion as it is overcome, inrthe same pro- 
portion will the motive force increase ; this ought therefore to 
claim our first attentiop. 

22. On comparing the differences with the velocities and 
electricities in each table, the general conclusion is, that the 
magnetic electrical intensity is directly proportional te the 
velocity i multiplied by the magnetism^ or, which ie'the same 
thing, by the electricity whicih indncj^s that magnetisifi- It is 
the latter part of this law, which makes the differences de- 
crease generally, (and as accurately as the nature of the mani- 
pulations can lead one to expect,) in the same ratio with the 
electricities opposed to them. It is necessary to observe that 
the first difference^ or that which exists betecn 0, and 2, 
velocities^ be neglected, as that is much augmented by 
the slightest^mccuracy of the commutator. 

23. It appears moreover, that this law is entirely imaffecied 
by the diminution or increase of battery intensity ; for on 
comparing the tables of either system together, it will be seen 
that in all cases the differences arc about one-tenth of the 
electricities opposed to them. I wish to call particular attention 
to this circumstance, which is owing to the constant resistance 
of the wires, in each separate system. 

24. In the second arrangement the conducting metal was 
half as long and twice as substantial as it was in the first ; 
hence it is, that half the battery intensity suflSced to pass 
twice the quantity of electricity, and so to produce the same 
motive effect. This is seen on comparing table 1, with 
table 5. 

25. Also, on referring to tables 1 and 5, it wdll hr observed, 
that the dijfei cnves are twice as great in the 2iid arrange- 
menf as in the 1st, whilst the magnetic force remained very 
nearly the same. To understand the reason of this, it 'will be 
necessary to observe, 1st; that the magnetic electrical inten- 
sity has notliing whatever to do with the thickness of the 
wire upon wjiich it is induced, but exists simply in the direct 
ratio of the lengthy consequently that the intensity is only one 
half as great in the 2nd arrangement, as it is in the 1st ; 
And 2nd, that, as the resistance of the wire to the battery 
current, in the 2nd arrangement, is only one quarter of 
that in the 1st, the same additional, or extraneous, resistance 
will produce four times the effect in the former, as in the lat- 
ter instance. Hence by compounding these tw^o effects, we 
have the differences of electricity, due to a given increment of 
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velocity, and the same amount of magnetism, twice as great 
in the 2nd, as in the 1st arrangement. * 

26. If the intensity of the voltaic battery do not increase 
in a less ratio than that of the ©umber of its pairs, there will 
theoretically, bcf no variation in economy, whatever the ar- 
rangement of the whole conducting mf tal, or whatever the 
size of the battery. For, if the battery be doubled in inten- 
sity, it must ijj that case consist of twice the number of pairs, 
whieh will cause twice the quantity of electricity to pass, and 
hence fohf^ times the weight of battery materials will be con- 
sumed, while the force o£ the engine is also increased four 
times, according to the square of the electricity. See the 
economical duty in the tables 1, 2, 5, and 6. 

27. The following are three resources on which to rely, in 
order, to obtain economical power; Lst, the increase of the 
quanj,ity of conducting wire, which will produce a variable 
degree of advantage, for while it dimishcs thftj^/esistance of 
the wire, it produces no effect upon the magiii^e electrical 
resistance ; 2iid, the augmentation of the intensity of the 
elementary battery, \vhich will produce an exactly similar 
increase of duty : (compare table 3 with table 4.) 3rd, the 
improvement of the arrangement of the electro-magnets. 
Had I placed mine in such a position that the broad edges of 
the poles should have acted on each other, I should doubtless 
have attained a considerable higher amount of duty. 

28. I must apologize to the reader, that I have not relieved 
the tediousness of this paper, by a single brilliant illustration. 
I have neither propelled vessels, carriages, nor printing 
presses. My object has been, first to discover correct princi- 
ples, and then to suggest their practical developement. If I 
have succeeded in ^ome measure in tliii first part of that 
object, mytdesign has been fully realized. 

Broom lliU^ near Manchester^ , 

41arch lOth, 1840. 

LXX. Wonderful effects of Voltaic Electricity in restor- 
ing Animal life when the sensorial powers have entirely 
ceased or in other words, when death in the common accej)- 
tation of the term has actually occurred. Extracted from 
Mr. W. H. Hai.se’s address to the Newton Society for 
the attainment and diffusion of Knowledge dated March 
3, 1840. 

After describing the bejieiits obtained by a study of the 
sciences generally, he thus proceeds to show the powers of 
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galvanism on the animal body. 

On Thursday last one of my spaniels wheipjd, having a 
litter of thirteen; six of which I took for ray experiments. 
1 drowned three of them in ^old water and kept them im- 
mersed for fifteen minutes, at which time 1 ^^ook them from 
the bucket and placed# them in front of a good fire; — no 
motion could be perceived in either of them. I then put the 
front legs of one of them in a jar containing a warm solution 
of salt and water and its hind legs in a similar jar, in each of 
which was inserted one pole of the galvanic battery ; the 
whole was then placed near tiie fire^ 

“ The position of the dog being nV)w favourable for opera- 
ting on, without the necessity of making any incisions in the 
flesh, I passed very strong shock through its body ; it 
moved its hind legs ; I gave it another shock, '(vhich caused 
its tail also to move ; I now passed twenty shocks in q,uick 
succession > :>gh its body: it moved every limh^ its mouth 
opened andW inelined to believe that the dbg had actually 
come to Ufe j but the moment I ceased passing the shocks, 
the dog was as motionless as it was previous to my com- 
mencement. Again I continued the shocks and I noticed 
that there was more motion in the limbs: — considering that 
in proportion to the return of sensibility, that these shocks 
would be too powerful for it, I decreased the intensity of 
them and passed many hundreds in japid succession ; I con- 
tinued this for about five minutes — the motion of the limbs 
increasing as the shocks increased in number — I now ceased; 
the dog still moved, — It was restored tcJ life. — I placed it 
on a warm flannel in front of the fire and in a very short time 
it appeared as well as it was previously to its being drowned; 
it crawled on the flcnnel and made the nojse peculiar to young 
dogs. 1 now examined the two other dogs ^lich were 
drowned and taken from the water at the same time t|;iat this 
one was. — They were both dead — a plain proof that if was 
entirely owing to the galvanic fluid that life was restored. 

The other three dogs I drowned in warm water and kept 
them immersed for forty minutes, at which time all motion 
had ceased ; two of them I laid in front of the fire and the 
remaining one I placed in the jars as in the preceding experi- 
ment. I now passed a few shocks of weak intensity through 
the body, but no motion was perceptible; 1 therefore 
increased the intensity of them considerably and gave the 
shocks in quick succession.— limb moved, the belly pro^ 
traded and again collapsed, and the h^ad was raised — at this 
period 1 stopped passing the shocks in order to see if there 
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were any motion in the dog when not under the galvanic influ- 
ence ; — there was none ; 1 again proceed with the sl^ocks and 
having noticed that the limbs moved more rapidly than before, 

I considered it, necessary to decrease the intensity and in- 
crease the quaniiiy of electric fluid, which I did so much as 
just to be enabled to perceive a sligb| tremor in the dog; 1 
continued in this manner for about nve minutes at which time 
I removed it from the jars and placed it on Hie table. — It was 
ALiv, 5 ^ — In a Aarter of an hour it appeared to be perfectly 
recQvered.t The other two dogs (which were not allowed to 
get cold during the whole of the* experiment) were now ex- 
amined ; no motion whatever could he perceived. 1 tried the 
the effect of galvanism on one of these ; I was successful. In 
one hour after this I operated on the othe^ dog also ; but 
Uwas in vain--^there was no vigour remaining in the vital 
powers ; — life had fled. 

“ Remarks: — Having stated that I restore,'* the dogs to 
life, it will be necessary for me to explain wh , jght this is 
to be understood. Strictly speaking, life was not extinct in 
either of the dogs previously to my operating, for if it had 
they would certainly have remained dead ; it was merely a 
cessation of the sensorial functions^ whilst there was a degree 
of vigour still remaining in the vital organs which combined 
with the nervous influence ( orasuhsiilute for it if you please) 
I supplied by the powers of galvanism ; were sufficient tore-^ 
store these functions to their former state of activity ; 
nevertheless, the dogs were in the common acceptatjpn of the 
term — dead ; but net properly so, for death cannot be con- 
sidered to have actually arrived until the sensorial, the mus- 
cular and the nervous functions all cease to act— at that 
moment the animal dies'and not before. , We therefore see 
that although the ddgs were not strictly S))eaking — dead, 
previous to ray operations, yet by the fact of the others being 
dead wh^ the sensorial of those three were restored, it dust 
be evidirnt that the process of dying had comraenced, and 
would have been perfected had not the pouTcrs of galvanism 
been resorted to; — therefore when I say the dog was 
restored to life, I must not be considered to mean that I 
brought the dead to life but rather that 1 arrested the pro- 
cess of dying, by restoring the sensorial functions — which 
functions bad before entirely ceased tci act. 

“ The nature of the above experiments must be very fami- 
liar to every physiologist, but when we consider the astonish- 
ing powers of galvanisn^ on the human frame, in supplying 
the nervous fluid (or a substitufO for it) and the ignorance of 



4^4 On iiightning'-Coiuiuctors, 

this fact by a large proportion of the medical profession, 
perhaps J shall be excused for introducing this subject to your 
notice ; and as the apparatus necessary for the purpose, when 
constructed on my principle is quite unexpensiva (one guinea, 
see No. 23 of Sturgeon’s Annals. . of 'l^lectrihity,! ‘Magnetism, 
and Qiemistry,) I hfp0 there will nop ^ be found many medi- 
cal practitioners who will object to ddk the powers of volt a- 
ism to their other' modes of resuscitation from ihe first stage 
of death caused by drowning^ or from cOused by snffbeor- 
tib^ through noxious gases^ , 

“ I h|yc refrained from introduemg many technical terms, 
as I wisli my subject to be generally understood. It will be 
perceived, thjaf in passing the shocks through the bodies of the 
dogs, no cruidty was practised^ for when the powerful shocks 
W^ie passed, they posessed no feeling whatever, and in pro- 
portion as the sensorial powers and consequently the feeling 
returned, ijten^sity of the shocks were reduced ; and when 
it is also co^derea that the doga would have been drowned 
bad these experiments not been made, 1 trust 1 shall n(»t be 
accused of having had recourse to cruel methods, for the 
purpose pf puding the powers of the voltaic electricity on the 
animal body, to the test of experiment.” 

WILLIAM H. HALSE. 

Brent, near Ashburton. 


LXXL *On Lightning Conductors^ ^nd the effects of 
Lightning on Her Majesty s Ship Rodney and certain 
other Ships of the British Navy ; being a further exami- 
nation of Mr. Sturgeon’s Memoir on Marine Lightning 
Conductors^ By W. Snow HarriS, JSjj. 


« - w 

To the Editors of the Philosophical Magazine ^ Jmmali 
Gentlemen, 

1; In my former communication (L. and E. Phil. Mag. 
vol. xiv. p. 461.) I considered the nature uf a weU4inovn 
phenomenon in electricity, termed hy Cavalld, Priesdey, and 
others the lateral ex]do|ion, and shewed that it did not apply 
to the state of a metallic rod in the actW transmitting a* va- 
nishing electricd accumulation between two opposed electrified 
surfaces, as insisted on by Mr. Sturgedn in, a recent number 
ofi;i)is Annals of Electricity.'' • I yUI now proceed to examine 
the general cliaracter and effect of ordinary ^ectrical dis* 
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charg^y whether pro<kiced on the ^eat scale of nature, or 
artificially, with a view of further i^owing, that such lateral 
explosions do not occur at the instant of the passing of a 
shock of lightning through a metallic conductor, as also with 
a view of meeting certain other objections which have been ad- 
vanced at different dines to of lightning rods in 

ships. » 

2. I should^et bare felt myself called upon to notice fur- 
ther Kfr. Sturgeon^s memmr, did I not consider the statements 
it contains, although superficial ai)d inconclusive, likely to mis- 
lead the public upon manjf important points, connected with 
the effectual protection of shipping, against the destructive 
effects of lightning, and convey false views of the nature of 
electrical actipn. Under these impressions I have little 
hesitation in noticing what he has advanced under the fol- 
lowing heads : — 

1st. Examination of the observed effects ^^j^duced on 
shipping by lightning. 

2nd. A comparison of the observed effects of lightning 
and the probable effects which lightning would pro- 
duce by the application of Mr. Harris’s condhctors to 
shipping. 

3. The first contains an excellent, and I have no doubt, an 
accurate statement, by an intelligent officer of the Rodney, of 
the destructive effects of lightning lately experienced in that 
ship, together with notices of two cases in which ships fitted 
with my conductors w'ere struck by lightning without any 
attendant ill consequence. In the second, it is the author’s 
object to prove, from the effects of lightning in the Rodney, 
that my system is inadmissible ; since the discharge of light- 
ning, he observes, which struck the Rodney, ** would have 
been powtfrful enough to have rendered even the thickest 
part of Mr. Harris’s conductors sufficiently hot to ignite gun- 
powdetti 

Considering the boldness of this assertion, and the high 
pretension of the memoir, we should expect, on examining 
the author’s researches, to find him in possession of a copious 
induction of facts from well-authenticated cases of damage by 
lightning od ship-board, illustrating clearly the views he so 
strenuously msists on, — cases in wbicji continuous or other 
metallic conductors h^ve been from any cause placed along 
tbe masts or rigging, and in which the electric agency found 
its way through me hull to the sea* We should further expect 
from him, something like an examination of the general nature 
and effects of electrical discharges, since it is clear before 
any accurate estimate can.be arrived at, of the relative quan- 
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tity of electricity likely to be discharged from a thunder^ 
cloud, and the probable effects of metallic rods, or other con- 
ductors set up with a view of directing it in any given course, 
such information is quite indispensable. ^ 

4. Now it is to be particularly observed, that Mr. Stur- 
geon’s memoir is really deficient in such information ; a few 
clumsy experiments in illustration of a well-known fact in elec- 
tricity, deceptively associated, by means of a vague h3rpothesis, 
with some of the ordinary effects of lightning, on a ship’*noi 
having any regular conductor, and with some every-day phe- 
nomena Uf the electrical kite, is vfftually the amount of all 
that the author has advanced, under the imposing title of 
“ Theoretical and Experimental Researches. 

5. In illustration of the careless way in which he meets 
this question, it may not be out of place to notice the fol- 
lowing specimen of his inductive philosophy, — ^being the 
very outset of the comparison he has proposed, of the ob- 
served effects of lightning, and the probable effects on my 
conductors*. 

'In the account given of the damage recently sustained by 
H.M. Ship Rodney, it appears, that the shock of lightning 
which shivered the top-gallant-mast, damaged the top-mast, 
&c., &c., fell on a small brass sheave in the truck for signal 
halliards, and slightly fused it. This sheave weighed about 
four ounces ; it was only about an inch and a half diameter, 
hollowed except at the centre and rim, where it was some- 
where about half an inch in thicikness. The lightning also 
fell on the copper funnel for top-gallant rigging, being a hol- 
low cylindar of sixteen inches in length, 10 inches in diame- 
ter, and not quite a quarter of an inch thick. This funnel 
was not anywhcre*fused. It fell also on^ther metallic masses, 
such as the iron-bound tie-block, on the top-sail-yrft#^ &c.,&c., 
the iron hoops of the masts, &c., on whicl^ no calorific effect 
was apparent. 

6. Now we have here something like evidence what was 
really the actual power of the charge. We see, for example, 
that it did not fuse a copper funnel, 16 inches long, 10 inches 
in diameter, and about I th of an inch thick. In the face of 
which fact Mr. Sturgeon insists, that had the charge fallen on 
my conductor, the thickest part of it would, have, become red- 
hot. His reasoning, in fact, amounts (o ^s ; an explosion 
of lightnbg having slightly fused a small brass sheave, weigh- 


• Sturgeon’s Memoir, sec. 204. 
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ing 4 ounceSf and having ffldled to fuse a short co{>per funnel, 
tterefore had it fallen on a rod of copper of one inch in diar 
meter, and 200 feet long*, that rod would have been rendered 
red-hot • 

This, it must fie allowed, is a somewhat amusing kind of 
special pleading, quite unprecedented, ^ believe, in any paper 
on science. 

7. The author wishes to strengthen his deduction, such as 
it i^,"*by adverting in a foot-note to the case of a small brig 
struck bf lightning, in which some part of a chain conductor 
is supposed to have been fused ; how much is not known, ^^as 
the lower part fell overboTird.” The statement is given with- 
out any quoted authority, and is altogether deficient in the 
very information most required, viz. the size of the chain^and 
how much of it was fused. Let us, however, take it upon 
the author’s own ground, and suppose the conductor to have 
been such as is commonly used in the merchant service, — ^that 
is to say, links of iron wire about one-fourth of an inch in 
diameter, united by rings, a kind of conductor very easily dis- 
jointed and fused at the points of junction by lightning; — the 
reasoning then stands thus : because a shock of lightning 
fused and disjointed some unknown portion of a lightning 
chain in a merchant brig, therefore the same shock, had it 
fallen on a solid copper rod of one inch in diameter and 100 
feet long, would have rendered that rod reef-hot. 

8. The fallacy and entire worthlessness of such reasoning, 
seems not altogether to have escaped Mr. Sturgeon’s notice, 
as appears by his amplification of the above effects ; thus on 
entering upon the comparison of the effects of lightning, he 
resorts to a sort of wholesale dealing, and leads the reader to 
conclude that the entH'e sheave in the lljdney and all the 
brigs’ comlut’tor underwent fusion. But even if it w^ere so, 
no such .conclusicm as that above mentioned is admissible f, 
espeailJly in reference to a continuous and massive conductor 


* This is the equivalent of my conductor on the main-mast of such a ship 
as Uie Rodney, tc^inig it at its least value. 

f “ Were there no other data than those of the fusion of the metallic sheave 
in the Rodney and the fusion of the chain conductor in the brig Jan6,’*&c-&c. 

‘‘The impressions which these facts convey to the mind are too definite to 
bo easily understood ; they clearly imply tliat cither of the discharges which 
struck the Rodney or Jane would nafe rendered the thickest part of Mr. 
Harris’s conductors sufficiently hot to ignite gunpowder,” &c. &c. --Stur- 
geon’s Memoir, sec. 20i, 
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t^rmixiatiQg in a point, and oqnaliaing with inconceivable ra- 
pl^ty tb^ disturbed electrical state of the sea and clouds. 

9. The manifest deficiency of sound practical information 
in Mr. Sturgeon’s memoir, imposes upon me the necessity of 
^verting to the general character and operaiiion of common 
electrical discharges, whether produced by artificial means or 
on the great scale of nature. In doing this 1 have no desire to 
excuse myself, in*case I should not have writ^n clearl}r and 
explicitly on the subject, since in no department of physics is 
the field of observation so fertile, and the path of experiment 
so sure and easy. We have before us the experience^Of nearly 
a century, during which time UghVing-rods have been em- 
ployed; a great number of instances have occurred of shocks 
of lightning falling on ships under a variety of different cir- 
cumstances, in some cases where lightning conductors have 
been present, in others where absent ; in many instances where 
ships have been near each other and exposed to thd" same 
storm, some Aavtn/conductors, others not. The general laws 
of the discharge are traceable in them all, and the effects on 
metallic bodies distinctly shown. On the other hand, we can 
on a minor scale, imitate successfully the great operations of 
nature, and examine experimentally every possible contin- 
gency attendant on the operation of a shock of lightning in a 
ship. It is our own fault, therefore, if we do not treat the 
subject scientifically, and arrive at complete practical solu- 
tions of such questions as these : Is a lightning conductor 
desirable<,in a ship? Will it cause by attraction a shock of 
lightning to fall on a ship when otherwise such would not take 
place ? If BO, can it cause damage W its inability to get rid 
of the lightning which falls on it? What is the best form 
and dimensions oj a lightning conductor for a ship ? What 
is the greatest probable force of lightning to ^mch it may 
become exposed ? Is it liable to cause damage by any 
lateral operation of the charge passing through it ? I say, if 
such questions as these cannot now be reasonably determined 
they probably neVer can ; and, therefore, any one who writes 
or reasons obscurely about them, and without due regard to 
a good induction of facts, can have no claim to be considered 
as a sound Veasoner in experimental science ; for, as beauti- 
fully observed by Lord Bacon “ Man, who is the servant of 
nature, can act and understand no further than he has, either 
in operation or in contemplation, observed of the method and 
order of nature.” Unaer these impressions I proceed to 
examine the general character and effects of electrical dis- 
charges as exhibited artificially, and on the great scale of 
nature. 
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10. Although some theoretical dififereuces may have arisen 
concerning the precise nature of electricity^ yet theiollowing 
explanation runs sufficiently parallel with facts to entitle it to 
our confidence, put us in possession of one of the great 
advantages of rvery theory, viz. a classification and con- 
nexion of observed effects ;* the pro^nce^of human knowledge, 
being, as justly observed by a roost intellectual and accom- 
plished writei^i^ ^Ho observe facts, and trace what their 
relatiaps are.”* 

General principles : — 

11. There is an invisible agency in the material world inti- 
mately associated with common matter, termed electricity. 

12. Lightning, thunder,' and a variety of analogous pheno- 
mena of a minor kind, artificially produced, . result from dis- 
charges of this agency between bodies differently affected 
by it. 

13. *’ In every case of electrical discharge there are two 
surfaces of action ; one existing on some*' substance eager to 
throw off redundant electricity, being, according to Dr. 
Franklin, overcharged with it; the other existing in some 
other substance eager to receive electricity, Being, according 
to the same philosopher, deficient of it, or undercharged. 

14. Two opposed bodies, when placed in these opposite 
electrical states, have a sort of exclusive action on each other, 
either directly through any intervening substance, whether a 
conductor of the electrical principle or not, or otherwise indU 
rectly through any lateral circuit. 

Thus two metallic surfaces A B (fig. 1, plate X.) pasted on 
the opposite sides of a square of glass c cf, have, when the 
square is said to be charged, an exclusive action on each other, 
either through the intervening glass, or otherwise through any 
conductor, ^ o B, connecting them. 

Now we have only to suppose these planes placed further 
apart, as^n fig. 2, to have a discharging conductor, m n, of 
greal^' or less extent between them, to be greatly increased 
m size, to be separated by air instead of glass, and to consist 
of free vapour or water, and we have a pretty faithful repre- 
sentation of the conditions, under which a discharge of light- 
ning takes place, when passing partly through the air, and 
partly through a discharging conductor, m n, or any other 
body, c df placed on tlie plane B.f 


* Abercrombie on the Intellectual Powers. 

f The thickness of the intervening air, and the amount of free electricity 
in the clouds, has led Professor Henry to question in some measure, the 
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lb. Any continuous metallic rod or other body, m it, (fig. 
2,) connected with the lower plane, must be considered 
merely as a passive way of access for the charge so far as it 
goes; the electrical agency being observ^ to seize upon* 
substances best adapted md in a position to facilitate its pro* 
gress, or otherwise ter fall with destructive effect upon such as 
resist it. . ^ 

16. It is easy to perceive here, that the presence of a con- 
ducting rod, m n (fig. 2,) or other conducting J)ody7 has 
nothing whatever to do with the great natural aetTpu set up 
between the planes^ A B.* It is ••in fact to be considered 
merely as a point in one of them. The original accumulation 
of electricity and subsequent discharge, would necessarily go 
on whether such" a rod were present or not, as is completdy 
shown by experience. When present, its operation is confined 
to the transmission, so far as it extends, of that portion of the 
charge which happens to fall upon it ; and since it is quite 
impossible to avoid the presence of conducting bodies in the 
construction of ships, it is the more important to understand 
clearly in what way damage by lightning occurs to the general 
mass, and how it may be best avoided. 

17. When discharges of lightning fall upon a ship in the 
way above stated^ as being a heterogeneous mass fortuitously 
placed between the charged surfaces A B (fig. 3.), the course 
of the discharge is always determined through a certain line 
or lines, which upon the whole least resist its progress. The 
interposed air between the ship and the clouds first gives way 
in some particular point, probably the weakest, — suppose at 


n rfect analogy of a discharge of lightning, will that of a Leyden jar ; but 
hink upon mature consideration this circumstance will iiotibe found in any 
way subTersive of the general principle. Thus whether electricity be accu- 
mulated on thick glass or on thin, the result is the same ; it is merely the 
intensity as indicated by the electrometer which cliangcs. 

Now the term free electricity, applies to the greater or lesser infiuenee of 
the opposed coating in respect of other bodies. In the case of the opposed 
surfaces of the clouds and earth, all the charge is necessarily free electricity, 
since there exists no other point upon which it can tend to discharge. In 
the same way thc electriciW of the jar, when tlie coating are very near, is 
nearly all redundant, or uee electricity, in respect of the action between 
them, although latent in respect of other bodies. Hence with a moderate 
accumulation, Uie electrometer exhibits but a small intensity, if any. The 
only difference at the time of the discharge, is in the position of the dis- 
charging circuit, which in the case of the clouds and sea, is directly in the 
interval of separation ; and as we find the principal of induction always 
active in cases of lightning, the thickness of the stratum has evidently no 
influence on the conditions of the accumulation, especially when we consider 
the great extent of the opposed suVfacts, which may possibly he 20,000 or 
mure square acres. Dr. Faraday has shewn that no distance excludes the 
the inductive action. 
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A, fig. 3 ; — ^the electrical agency then meeting with continued 
resistance from the non-conducting particles of air; is often 
turned into a tortuous course. Suppose it arrives in this way 
at some point, in the vicinity of a ship at k, the question 
whether It would strike upon the masjjj^t y would be determined 
by the resistance in the direction .of m y k, as compared 
with that in any other direction m, B; whether, in fact, 
it would be e&sier to break down the remaining air in the 
directton ^ B, or otherwise the air in the direction m y, 
supposing the ship’s mast to facilitate the progress in that 
direction. • * 

18. Let the charge however strike in the direction m y, and 
so fall upon the mast, — then in proceeding to its ultimate 
destination, viz. the plane of the sea B, it% course is still 
determined by*the same general principles ; that is to say, it 
seizes«upon all those bodies which tend to assist its progress, 
and which at the same time happen to ba placed in certain 
relative positions, and upon no others^ falling with destructive 
effect upon intervening bad conductors, and exhibiting in non- 
conducting intervals all the effects of a powerful expansive 
force. If wc examine carefully the course pf discharges of 
lightning on ships in some hundred instances in which damage 
has ensued, we shall find this effect invariable. The damage 
has always occurred where good conductors cease to be con- 
tinued, and the destructive consequences most apparent are 
those usually produced by expansion. The calorific effects, ex- 
cept as depending on this cause, are really inconsiderable ; there 
are comparatively few instances in which metallic bodies have 
been fused, and no instance in which a bolt or chain of any 
considerable magnitude has been even much heated. 

The following expermental and natural illustrations of these 
facts will be*fouud conclusive and interesting. 

Exp. k- Lay some small detac hed pieces of leaf-gold aj &, 
t\ on a piece of paper, as represented in fig. 4 ; pass a 

dense shock of electricity over these, from thp commencement 
at A to the termina^ou at B, so as to destroy the gold ; the 
line which the discharge has taken will be thus shown by the 
blackened parts ; the result will be as in fig. 5, in* which we 
perceive the course of the discharge has been in the dotted 
line a, &, d, e, y. A, /, being the least resisting line ; and it 
is particularly worthy of remark, that not only are the pieces 
c, ky untouched, being from their positions of no use in facili- 
tating the progreis of the charge, but even portions of other 
pieces, which have so o]((erated| are left perfect, as in the 
transverse piece t and portions of a, d, e, and/; so little is 
there any tendency to a lateral discharge, even up to the 
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point of (dispersion of the metallic circuit in which the charge 
has proceeded ; indeed, so completely is the effect confined to 
the line of least resistance, that percussion ^powder may be 
placed with impunity in the interval betweentthe portions c, d. 
Now the Separate pieq^'of leaf-gold thus placed, may be 
taken to represent deta^ed conducting masses fortuitously 
placed along the mast and hull of a ship. ^ 

Eiq). 2. Let a thin continuous line, w,' n, be passed 
through the separated pieces, and a dense accuih’datibn dis- 
charged over the wSble, as in the preceeding case. The effect 
will be as represented in fig. 6. ; th^, discharge will be confined 
to the line of least resistance ; amd we may perceive in this, as 
in the former c.ase, that those pieces, or parts of pieces, out 
of the track of the discharge, are not affected ; thus a part 
only of the piece g is destroyed, also of the piece i, whilst 
other pieces, A, rf, /, which in die former case, where the 
continuous hue, a, ^6, was not present, were blackened by the 
discharge, remain here perfect. 

Exp. 3. If the continuous line A, B (figs. 7, 8) be assisted 
by other comparatively short collateral branches, as d e, £? c, 
having one common connexion at B, then a discharge which 
would destroy the line A, B, will divide upon these auxilia^ 
lines, and the part d, B will either escape, or the whole will 
suffer together. 

Exp. 4. Pass a discharge over a strip of gold-leaf, as A, 
fig. 2 ; eyery part of it, as indicated by the last experiment, 
will participate in the shock ; and if it be of unifonn density 
and thickness it will be everywhere equally affected, so that 
one portion will not be destroj’^ed without the whole. This 
result will be readily distinguislied from that represented at d 
and », fig. 5, where the masses lie 4«!Mss the track of the 
discharge. 

ITie diagrams here referred to, are copied firom "the actual 
effects of the electrical discharge in the way above mes^bneij. 

19. These e!*;periments are instmetive. Tliey evidently 

5 rove, that an electrical explosion wiH not leave a good con- 
uctor, constituting an efficient line of action, to lall upon 
bodies out' of that line. Mr. Sturgeon^s assertion that a con- 
ductor on a ship’s mast would operate on the magazine is 
therefore quite unwarranted. Besides, we have many instances 
of the masts having been shivered by lightning into the step, 
whilst acting as partial conductors, withou| any stfdh conse- 

a uence ; as happened in the Mignonne in the West Indies, 
le Thetis at Rio, the London, fiibralter, Goliath, and many 
others. Instead, therefore, of a conductor on the most being 
dmgerous, it is absolutely requisite as a source of safety to the 
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sliip, by confining the discharge to a given line and leading 
it to the sea. 

20. It was from a careful consideration of the common 
effects of lightning, and from such e^Lperitnental facts as those 
above mentioned, tliat I was led suggest the ,propriety of 
fitting coiitinuons conductors oi^ li^tning of great capacity in 
the masts of ships, linking them by efficient communications, 
together witfi tlic imncipfd detached metallic bodies in the 
hulljSfitc^ one general continuous system, and finally connect- 
ing thcvwliole with the sea. These condilctors consist of two 
lamiiiieof co})])LT-shee^ varyingYrom one inch and a half to 
five inches wide, and b^fin^ together nearly one-fburth of an 
inch thick ; they aie inlaid so as to be fair witli the surface of 
the mast, and fonn a series of shut-joints; they are otherwise 
so constmeted as to jiresent an iminU'mipted line of action 
froiiuthe highest point to the sea. Tlio metljod has been par- 
tially used ill the British navy tor so v oral years, and has been 
proved in eveiy^ way efficient. In iif> case lias any of the ves- 
sels fitted witli tin ;ni received the slightest damage, although 
Irequently exposed to severe thiui(lerstonns, and in some 
instances actually struck by heavy discharges similar to that 
which fell on the Rodney in December, 1838.’^ 

21. If we consider attentively the idlects of this shock, we 
shall find them in coni])! etc accordance with the princiidesjust 
stilted, llie attendant ])li(aiomena were of the simplest kiiul, 
and such as have always occurred in cases ol’ shi])s struck by 
lightning not having a continuous conductor : e. g.* the elec- 
trical discliarge, in forcing its way between the sea and clouds, 
over re.sisting intervals, and between tliseontiiiuous metallic 
masses, was jiroductivo of a violent ex])iuisive eflect in these 
intervals; causing at^tlie sami* time a coirdderabh? evolution 
of heat. Thi*n», was really nothing ]>artieularly remarkable 
in this- ivsUvnce ; the coiuse of the discharge was a very simple 

being, according to the law of electrical action just 
exeraplifieil (l^xi). 2,) in the line or lines ol‘ least resistiiiua' 
from the highest point to the sea; thus the course of the dis- 
charge w^asv as represented in fig. fi, plate XI, along the 
masts and rigging, upon the general mass of tlic hull and sea. 
The vane-spindle upon which the accumulation was first 
concenlraU'd, wa,^ of course severely dealt with. From this, 
being probably assisted by Uic moisture on tlR' surface of tlie 
wood, it glanced over the royal pole to the head of the top- 


♦ See a letter in the Annals for January last, by Lieutenant Sulliran, 
R. N., who witnessed these effects. 
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gallant, mast at, ft, where it found intermediate metollic assist- 
anpe in tjjie copper fimnel for the top-gallant rigging : from 
this, the resistance in the mass of the wood appears to have 
been less tlian that on its surface, probably from the long 
interval of air between the iunnel and conducting bodies about 
tlie cap b^low, die njas^as therefore split open as far as the 
cap at c. Here again it was enabled to strike over the surface 
of the mast, upoh the metals about the parrel /)f the top-sail- 
3'ard at rf, where the accumulation became again conc^ljVtrated, 
producing a powerful expansion and heating effect so fai’ as 
uie lower cap at e ; and thus it passed along per sditum over 
the lower mast m. from one metalUc ma’^s to another, until 
within a striking distance s of the §ea and hull, it divided 
upon die hull and sea in convenient directions s Uy s o, s p. 
In dris course, as indicated by the waving black line a, ft, c, 
rf, &c., it evidently sought assistance from all the conducting 
matter it could seize ujion ; such as the wet rojies, the copper 
funnel for top-gallaiit rigging at ft, the iron work and other 
bodies about the topmast cap at c, as also the men in the top- 
gallant crosstrees at c. The charge evidently divided upon 
them in proportion to the assistance each, could afford as a 
small auxiliary circuit, as Exp. 3 ; the men nearest the mast 
would be necessarily in the more direct course of the discharge, 
the others would be more or less so according to their respec- 
tive positions ; that these poor fellows who were killed suflered 
in diis way as being conductors to parts of the charge is 
evident from the appearance of the bodies. Mr. Sturgeon 
calls especial attention to the circumstance of the men being 
thrown in opposite directions, and thinks it remarkable : but 
how could it be othciwise ? the intervening air being caused 
to expand violently’ from a central point, would necessarily 
operate as a central force ; surely there^is nothing v(?ry new in 
this.^ About the ])aiTel of the topsail-yard at rf, wo^ should 
expect again po^ver effects ; for hero again die charge bccamt? 
concentrated, and set the sail, &c., on fire. This is (Jiute in 
accordance with tJie known laws of electrical action ; thus we 
find die points of ingress and egress of an art^icial charge, 
when caused to fall on a slij) of gold-leaf or other matter, are 
always those in which the most powerful effect arises ; and 
when we desire to fire inflammable matter by electricity we 
place it directly between detached metallic points. 

22. The circumstance of the lightning striking over portions 
of the wet mast without damage, is precisely the samf effect as 
obsen-cd in certain cases of artificial electrical discharges. 

, ( — 

* Certainly nothing new, merely an instance of the efTects afhteral eitplo- 
sion of the first kind. Enrr. 
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TThus a very slight film of moisture will allow a jar^ intensely 
charged to discharge a luminous ball over along strip of glass. 
Dr. Franklin found he could destroy a dry rat by an 
electrical shocK^when he lailed to hurt a wet one. If we 
continue to follow the discharge ^ find similar expansive 
and destnictive effects ; such as th^bursting of the hoOps on 
the mast, &c., &c., which will sometimes , occur and some- 
times not. 

is really nothing in all this to call for especial 
remark, ^^xcept we may obsen^e, as shown by the experiments 
already described, that if a>good capacious conductor had V)e(!n 
incoiporated with the mist from tlie truck to the metallic 
masses in the hull and to the sea, then these expansive and 
destructive effects could not possibly have oc^un'ed ; since the 
internipted circuit would hav<‘. been avoided, and the intense 
electrical action have Aanishe(k or nearly so, at the mast- 
headjforitwould have no longer bX^i drivi.m to force its way in 
a dense explosive' form to tlu* hull and sea ; of this we have the 
most coin]deti! evidi‘iic(' from ex))erience, particularly in the 
case's of the ships struck by lightning having sueli conductors 
as those just allmh'd to, curiously enough cjiioted by Mr. 
Sturgeon as evidence to the contrary. It seems a strange way 
of disproving a fact to ciuotc those who, having been eye- 
witnesses, insist upon its truth. That the electric matter 
finally distributed itself u])on the hull as well as on the sea, 
is evident from the circumstance of the casing of Hcarlcj's 
jmmp at which led through the side under wilter being 
shivered ; from the vivid electrical sparks below, and ft-oin the 
usual smell of suljdnu' in the well, and appearance of smoke 
in the orlop-deck. 

24. The iiiterruptcrj circuit therefore to be traced here, is 
first fi*oni th^ vane-sj)indle to the coi)i)er funnel of to])-gallimt 
rigging ; ..2nd, from this to the conducting bodies at the Jieel 
of 4hj' top-gallant mast ; 3rd, thence to the metallic masses 
about the paiTel of topsail-yard; 4th, bet^veeii this aud the*, 
metallic bodies about the head of lower mast ; 5^th, from this 
over the detH^lu'd metallic bodies on lower mast ; finally, from 
lower mast to the hull and sea. Th(' clfect of this shock of 
lightning appears to have been sonicwliat palliated by lu'avy 
niin. 

Altliough Mr. Sturgeon has gone far out of his way to twist 
these phenomena into an accorthmee witli cerUiin tlieoretical 
views, and sets them up as being of an extraordinary kind, 
they are nevertlielcss of a ve^y simple character, and are 
merely illustrative of a few well-known laws ol‘ electrical 
.action. 


(To be Conliiiucd.) 
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LXXIL Mr. Sturgeon's fourth Letter to W. Snow Harris^ 

Esq. on the subject of Marine Lightning Conductors. 

Sir, • 

I had expected that^th 4 Vury of your wrath against the ex* 
pose, contained in my fourth memoir, of the probable danger 
and unnecessary^ eitpense consequent upon your^lan of light- 
ning conductors being established in the royal navy, ha|^een 
totally vented in your first unprecedented volley 6 f abuse 5 
but in thia expectation, as well as in that of your beiffg a sci- 
entific reasoner, I have been sadly disappointed ; for instead 
of keeping “close quarters,” and observing that strict candour 
which ought to be held sacred in scientific discussion, and 
especially on a topic of such high national importance as that 
of marine lightning conductors, you still keep raving on, as 
if determined, by your coarse bullying language, to crush 
every attempt to scrutinize your plan of conductors, or any 
notice that may be taken of those errors into which you have 
obviously fallen. Such asperous domineering may probably 
be suitable enough in your hands, as it is the principal weapon 
you employ. But as I am not in possession of any of the kind, 
nor of any desire to shine in a contest of such an ignoble 
character, I most willingly acknowledge you as master of that 
part of the field. 

That point settled, 1 must now solicit your attention to a 
few partiaulars of a somewhat more important character, and 
first of all to your own confession of your owai ignorance of 
certain points of electric action. Occasionally you deny the 
existence of lateral discharges in toto ; and, occasionally^ you 
admit some kind^ of lateral discharges and deny others. 
Perhaps you will acknowledge that the mere denial of a fact 
is no proof of its non-existence; and that it may asjpossibly 
be grounded on the mere ignorance of the party denying it^ 
Moreover, your denying a fact at one time and acknowledging 
it at another, is tlS sure indication of your accuracy, in either 
case, emanating from a sound judgment. ^ 

You hava admitted, however, in page 317 of this volume 
that there is such a phenomenon as a lateral explosion^ and 
you have admitted also, that this lateral explosion produces 
mechanical action, hence, you have, indirectly^ admitted all 
that I have advanced concerning lateral discharges of the 
first kind:^ For, although you seem to have no idea at all of 
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an electrical wave, you ought to have known that such a wave 
must necessarily be produced by the expansive force of the 
explosion ; and had you been that practical man, that 1 have 
all along expected you w^ere, you w oul^ have known that a 
gold leaf electroscope properly exposda would indicate an 
electrical wave during the occurrAcepf a flash of lightning ; 
and that a similar wave is produced by artificial discharges. 
Such facts, how^ever, appearing to be quite unknow n to you 
I shajl not, here, trouble you more about them. 

I cahffot but admire your mode of attack in the fourth para* 
graph "*of your second production on this troublesome 
memoir of mine. You "seem to be labouring under some 
uneasiness about my few clumsy experiments^'" which not- 
withstanding your self-suflicient strong position in the scienti- 
fic world, seem, by paragraph 2, to have produced an 
apprehension that they may possibly open the eyes of those 
w^ho'm your elegant experiments before the Navy Hoard, and 
highly scientific illustrations of the eftbets of lightning on 
ships’ masts before the British Association, the members of 
the United Service museum, and other bodies, have so long 
been blinding. 

Now', it so happens, that those few' ‘‘clumsy experiments ” 
of mine, “ wdth some every-day phenomena of the electrical 
kite,” are the very facts which an inventor of a lightning rod 
ought to be perfectly acquainted with ; and I verily believe 
that, had you been sufficiently familiar with the “ every-day 
phenomena,” as you are pleased to call them, you could 
never have been led to the persuasion that the effects experi- 
enced on board the Beagle and the Dryad w ere any indica- 
tions of those ships being struck by lightning. Every sailor 
know's well that ships are severely shaken by a peal of vicinal 
thunder, though no lightning strikes the vessel; and if you 
would condescend to repeat some of my “ clumsy experi- 
. merits” ' with the electrical kite, during a lightning storm, 
you would soon learn that the “hissing noise ” and other 
phenomena, witnessed on board the Beagio and the Dryad ; 
are the constant productions of electric waves in the atmos- 
phere ; sometimes from flashes of lightning and sometimes 
from the mere transit of a cloud over the kite. Moreover, a 
true indication of the Beagle being not struck by the prima- 
tive discharge is, that neither her compasses nor her chrono- 
meters were magnetized by the event : for had the main-masts’ 
conductor transmitted a flash of lightning as has been sup- 
posed, no circumstanee hitherto brought to notice, could 
possibly have prevented the ihagnetization of the steel in the 
chronometer w'hich was placed so near to that conductor. 



. , • ■ fiurth Letter 

’ ■ ' " ' ' 

’^alieve^ tsay yoiir those *^evei^-day 

of electric kite,"* I have always considered 
w^ I have recorded are very far from being 
' w epithet you have given them.^*They are ol^ 

as you never ^w, and, I believe, they are such 
as you are Hnaole to sftiew recorded by any other 
pe^bn. My electric kite experiments have probably been 
more extensive than those of any other person of^the present 
^ay ; and, to me, they have been more productive o^c«?irect 
Views of electric action generally, than any series ex- 
periments I ever before pursued ; and led me to other invests 
gations which otherwise I might not have thought of. 

By the copious discharges occasionally exhibited at my 
kite-string, I gainfed a knowledge of atmospheric electrical 
waves, and of the causes of their production.* By an atten- 
tion to the motions of the balls of a Cavallo’s electro-scope, 

I have gained a know, ledge of the variableness of the density 
of atmospheric electricity in windy weather. By prosecuting 
my kite experiments at all seasons of the year, for about six 
successive years, I have been enabled to forctel at what 
season of the year, and under what circumstances of weather, 
the atmosphere would be most powerfully electric w'ith 
respect to the ground. 

By making my experiments in places remote from each 
other, upon lofty mountains and in low valleys, I have been 
enabled to understand that an unclouded atmosphere is con- 
stantly elettro-positive with reference to the earth. By 
studying this fact in connexion with electric waves, I have 
been led to a knowledge of the cause of the ground being 
sometimes electro-positive with respect -to the air immediately 
above it. And by these and other fluctuations of the atmos-^ 
pheric electrical pressure, arising from hygromeflical, and 
thermometrical changes, &c., 1 have been enabled to*under- 
stand the cause of the ever-varying electrical conditia^ ?f ^ 
bodies composing tbe surface of the earth. 

By employing several kites at the same time, at diflerent 
altitudes, at diflerent seasons of the year, I gained a know- 
ledge of the diflerent electric conditions of atmospheric strata 
at those altitudes : and from a knowledge of the atmosphere 
being differently electric at different altitudes, I was led to 
infer that an exceedingly thin stratum of air would he differ- 
ently electric on its upper and lower surface. — Keeping this 
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idea in view whilst repeating some of the beautiM expej^enia 
described in Sir Humphrey Davy's BahersijSj^l^t^ 
t was led to suspect that thin strata, or , 

bodies might possibly exhibit different electric ' 

opposite surfaces, which I fou^d to be the case, .t^ 

year 1827, I constructed my diy ^Jectric column, erne, 

metal only ; each piece having a relatively positive and nega-» 
tive surface.^ 

F^om my success with the dry electric column, I was led 
to a^iew clumsy experiments” in galvanism ; by means of 
which 'I shewed that metallic contact is not essentially neces- 
sary to the production of galvanic action.t This discovery 
was thought of sufficient importance by Dr. Faraday, to 
desen e a place in the Transactions of the Iloyal Society, and 
to select it from my book as a fit subject for the theme of his 
8th Scries ; forgetting, however, to associate the name of the 
discoverer with the fact. It was by contemplating the electrical 
character of the same kind of metal under different states of 
polisli, texturt', &c., that I was led to the discoveiy' of making 
active galvanic (‘ombinations with one kind of metal only, and 
of shewing that cast and rolled zinc ai’c in different electric 
conditions. It was in consequence of this diseoverj’^ that I 
was enabled to shew that rolled, or hammered zinc in com- 
bination with coi)per, made more powerful gidvanic batteries, 
than vast zinc, not so treated, would make in combination 
W'ith that metal. 1; This discoveiy was also honoured with a 
place ill the Philosophical Transactions of the Iloyal Society 
tlirough the courtesy of Dr. Faraday, who, considering it 
sufficiently important to fonii a prominent feature of his own 
dexterity in tlie tactics of transplantation, very politely lianded 
it to the Council of the Iloyal Society as a discovery of his 
own, placing it very 'conspicuously iuliis Idth Series. 

T1h‘ ‘‘ every day phenomena at the eh'ctrical kite,” which 
gave mo the first idea of tliiii strata being differently electrical 
^n their o])])osite sidt*s, led me to the sup])osition that the 
thinnest films which constitute metallit" erystalline groups 
might also be in different electrical conditions, lliis idea led 
me to an extensive series of ‘‘clumsy experiment” which 
W'ere perfectly successful in shearing that each separate metal 
is susceptible of exhibiting theniio-electric cuiTonts, and tliai 


• See my Experimental Researches in Electrn-Mapfnetism, GalvanisiUi &.c. 
p. 64. Published in 1830, by Sherwood, Gilbert and Piper. 

f ibid page 21, 83, and 84. 

J See my Experimental Rcscarehcs, ice. page 65 — 7 1. 
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each group of the crystalline films, is, in fact, an electrical 
pile, as decidedly as any electric pile formed of two or more 
distinct hinds of metal.* 

These few specimens of the consequence^ ‘of some of my 
“ clumsy experiments” and eveiy^day phenomena at the 
electric kite,” may probably afford yon an idea of their having 
been viewed, by Ur. Faraday and others, under a very different 
aspect to that which woidd fain place them in. ‘"And, indeed, 
from the tenour of your first letter to me,t I hayi ever}' 
reason to think that, your present disingenuity and want of 
candour are the mere effects “Of the lamentable Eleclrophohia 
under the torments of which my fourth memoir has so unha])- 
pily placed you : and that, as the ardour of the fever abates, 
I am in hopes }^ur mind will gi*adually be restored to its 
usual healthy tone of vigour and conscientiousness ; and 
resume its capability of a])preciating the labours of those who, 
even mider inexpressible disadvjmtagcs, have so long been 
working with you in the same field of science. Ihaice it is 
that, notwithstanding the violations ol‘ courtesy and candour 
w'hich you have manifested during the im])ulse of those fervent 
paroxysms tmder which you have been unhapjiily labouring, 
I most willingly and sincerely exonerate you from all blame 
in this temporary misunderstanding ; and you may rest per- 
fectly assured, that, wdiencvcr liberality and candour again 
emanate from your [)en, they will bo accompanied by my best 
wishes for your welfare and success. 

» 

1 have the honour to bo 


Sir, 


Your obedient Servant, 

. WILLIAM STUlKiEON . 

To W. Snow Harris, Esq. 


P.S. — The’ state of the controversy will be seen on the next 
page. 
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%i\. Disruptive dischdrgc continued — Insulation — rpark— 
Brush — Differenci^f discharge at the positive and negative 
surfaces of conductors. 

• • 

1392. When a spark had passed at either interval, ;j^en, 
generally, more tended to appear at the same interval, as if a 
preparation had been made for the passing of the latter spark. 
So also on continuing to work the machine quickly the sparks 
generally followed at the same place. This effect is probably 
due in part to the warmth of the air heated by the preceding 
spark, in part to dust, and 1 suspect in part to something 
unperceived as yet in the circumstances of discharge. 

1393. A very remarkable difference, which is in 

its direction, occurs when the electricity communicated to the 
balls 8 and S is changed from positive to negative, or in the 
contrary direction. It is that the range of variation is always 
greater when the small balls are positive than when they are 
VOL. V. — No. 27, September^ 1840. X 
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negative. This is exhibited in the following Table, drawn 
from the former experiments. 


Pos. • Nejy. 

In Air the range was . . 0-19 0*09 

Oxygen 0'J9 0*02 

Nitrogen • 0*13 O'll 

Hydrogen 0*14 O-OS 

Carbonic acid . . . .0*16 0*02e^ 

Olefiant gas .... 0*22 0*08 .v 

Coal gas . . . \ . 0^4 0*12 

Muriatic acid .... 0*43 0*08 


I have no doubt these numbers require considerable correction, 
but the general result is striking, and the differences in several 
cases very great. 

1394. 'J 'hough, jn consequence of the variation of the 
striking distance (1386.^, the interval in air fails to be a 
measure, as yet, of the insulating or resisting power of the 
gas in the vessel, yet we may for present purposes take the 
mean interval as representing in some degree that power. 
On examining these mean intervals as they are given in the 
third column (1388.), it will be very evident, th^it gases, 
wdien employ ed as dielectrics, have peculiar electrical rela- 
tions to insulation, and therefore to induction, very distinct 
from such as might be supposed to de})end upon their mere 
physical qualities of specific gravity or pressure. 

1395. First, it is clear that at the same pressure they arc 
not alike, the difference being as great as 37 and 1 10. When 
the small balls are charged positively, and with the same 
surfaces and the s?me pressure, muriatic acid gas has three 
times the insulating or restraining power (1362.) qf hydrogen 
gas, and nearly twice that of oxygen, nitrogen, or air. 

1396. Yet it Is evident that the difference is not due to 
specific gravity, for though hydrogen is the lowest, and 
therefore low'er than oxygen, oxygen is much beneath 
nitrogen, or than olefiant gas, and carbonic acid gas, though 
considerably heavier than olefiant gas or muriatic gas, is 
lower than either. Oxygen as a heavy, and olefiant as a light 
gas, are in strong contrast with each other ; and if we may 
reason of olefiant gas from IIaiiris’s results with air (1365.), 
then it might be rarefied to tw^o-thirds its usual density, or to 
a spedfic gravity of 9*3 (hydrogen being 1), and "having 
neitW the same density, nor pressure as oxygen, would have 
e^ual insulating powers with*it, or equal tendency to resist 
discharge. 

1397. Experiments have already been described (1291. 
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\ 292*) which shew that the gases are sensibly alike in their 
inductive capacity. This result is not in contradiction with 
the existence of great differences in their restraining power. 
The same point has been observed alrgady in regard to dense 
and rare air (1375.). 

1398. lienee arises a new argument proving that it 
cannot be mere pressure <rf the atmosphere which prevents or 
govcffS^ischarge (1377- 1378.) but a specific electric quality 
or relation of the gaseous medium. Hence also additional 
argument for the theory ftf molecular inductive action. 

1399. Other specific differences amongst the gases may 
be drawn from the preceding series of e^^periments, rough 
and hasty as they are. Thus the positive and negative series 
of mean intervals do not give the same differences. It has 
been already noticed that the negative numbers are lower 
than the positive (1393.), but besides tifat, the order of the 
positive and negative results is not the same. Thus on 
comparing the mean numbers (which represent for the present 
insulating tension^) it appears that in air, hydrogen, carbonic 
acid, olefiant gas, and muriatic acid, the tension rose higher 
when the smaller ball was made positive than when rendered 
negative, whilst in oxygen, nitrogen, and coal gas* the reverse 
was the case. Now though the numbers cannot be trusted as 
exact, and though air, oxygen, and nitrogen should probably 
be on the same side, yet some of the results, as, fgr instance, 
those with muriatic acid, fully shew a peculiar relation and 
difference among gases in this respect. This wa< further 
proved by making the interval in air 0’8 of an inch whilst 
muriatic acid gas w as *111 the vessel a ; for on charging ilie 
small balls s and S positively, all the dScharge took place 
through thS air ; but ou charging them negatively, all the 
discharge took place through the muriatic acid tjas. • 

1400. So also, when the conductor n was connected only 
with the muriatic acid gas apparatus, it «as found that the 
discharge was more facile when the small ball ,9 w'as negative 
than when positive ; for in the latter case, much of the elec- 
tricity passed off as brush discharge through the air from the 
coniiectiqg wdre p ; but in the former case, it all seemed to 
go through the muriatic acid. 

1401. The consideration, however, of positive and negative 
discharge across air and other gases will be resumed in the 
further part of this, or in the next paper. 

1402. Here for the* pr^sei^t I must leave this part of the 
subject, which had for its object only to observe how far 
gases agreed or differed as to their power of retaining a 
.charge on bodies acting by induction through them. All the 
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results conspire to shew that Induction is an action of con- 
tiguous molecules (1295. &c.); but besides confirming this, 
the first principle placed for proof in the present inquiry, 
they greatly assist in developing the specific properties of each 
gaseous dielectric, at ‘^the same time shewing that further 
and extensive experimental investigation is necessary, and 
holding out the promise of new discovery as the reward of 
the labour required. i 


1403. When we pass from the consideration of dielectrics 
like the gases to .that of bodies having the liquid and solid 
condition, then our reasonings in the present state of the 
subject assume much more of the character of mere supposition. 
Still I do not perceive anything adverse to the theory in' the 
phenomena which silch bodies present. If we take three 
insulating dielectrics, as air, oil of turpentine and shell-lac and 
use the same balls or conductors at the same intervals in 
these three substances, increasing the intensity of the induc- 
tion untH discharge take place, we shall find that it must be 
raised much higher in the fluid than for the gas, and higher 
still in the solid than for the fluid. Nor is this inconsistent 
with the theory ; for with the liquid, though its molecules are 
free to move almost as easily as those of the gas, there are 
many more particles introduced into the given interval ; and 
as respects the latter circumstance, the same is the case when 
the solid body is employed. Besides that, the cohesive force 
of the body used will produce some effect ; for though the 
production of the polarized states in the particle of a solid 
may not be obstructed, but, on the ccotrary, may in some 
cases be even favored (1164. 1344.) by its solidTty or other 
circumstances, yet solidity may well exert an influence on the 
point of its final subversion, (just as it prevents diseharge^tf 
an electrolyte,) and so enable inductive intensity to rise to a 
much higher degree. 

1404. In the cases of solids and liquids too, bodies may, 
and most probably do, possess specific diflerences as to their 
ability of assuming the polarized state, and also as to the 
extent to which that polarity must rise before disetharge occurs. 
An analogous difference exists in the specific inductive 
capacities already pointed out in a few substances (12780 in 
the last paper. Such a difierence might even account for 
the various degrees of insulating and Conducting power 
possessed by different bodies, and, if it should be found to 
exist, would add further strength to the argument in favor 
of the molecular theory of inductive action* 
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1405. Having considered these various cases of sustained 

insulation in non-conducting dielectrics up to the highest 
point which th^ can attain, we find that they terminate at 
last in disruptive discharge ; the pecipliar condition of the 
molecules of the dielectric which was necessary to the con- 
tinuous induction, being equally essential tb the occurrence of 
that qffect which closes aw the phenomena. I'his discharge 
is not ohly in its appearance and condition diflerent to the 
formerTinodes by which the lowcruig of the powers was effected 
(1320. 1343.), but, whilst*really the same in princijde, varies 
much from itself in certain clmracters, and thus i)resents us 
with the forms of sparky brush and glow I will first 

consider the sparky limiting it for the present to the case of 
discharge between two oppositely electrified conducting 
surfaces. 

The electric spark or Jlaslu 

1406. The spark is a discharge or lowering of the polar- 
ized inductive state of many dielectric particles, by a particular 
action of a few' of the particles occupying a very small and 
limited space ; all the previously polarized particles returning 
to their first or normal condition in the inverse order in which 
they left it, and uniting their powers meanwlnle to produce, 
or rather to continue, (1417 and 1436.) the discharge effect 
in the place where the subversion offeree first occurred. My 
impression is, that the few particles situated where discharge 
occurs are not merely pushed apart, but assume a peculiar 
state, a highly exalted (fondition for tlie time, i. e. have thrown 
upon them all tlic suT7^)iinding forces in succession, and rising 
up to a proportionate intensity of condition, perhaps equal to 
that of ehemically combining atoms, discharge the powers, 
puosibly in the same manner as they do theirs, by some oper- 
ation aV present unknown to us ; and so tlu^end of the whole. 
The ultimate effect is exactly as if a metallic wire had been 
put into the place of the discharging particles ; and it does 
not seem impossible that the principles of action in both cases 
may, hereafter, prove to be the same. 

1407. Thepa/A of the sparks, or of the discharge, depends 
on the degree of tension acquired by the particles in the line 
of discharge, circumstances, which in every common case are 
very evident and by the, theory easy to understand, rendering 
it higher in them than in theirt neighbours, and, by exalting 
them first to the requisite condition, causing thorn to deter- 
mine on the course of the discharge. Hence the seJoctioii of 
the path, and the solution of the w^onder wdiicli Harris has so 
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well described* as existing under the old theory. All is pre- 
pared amongst the molecules beforehand, by the prior induc- 
tion, for the path either of the electric spark* or of lightning 
itself. • 

1408. The same difficulty is expressed as a principle by 
Nobili for yoltaic electricity, almost in Mr. Haflrris’s words, 
namely, t electricity directs itself towards the point^here 
it can most easily discharge itself,*’ and the results dfThis as 
a principle he has well wreught out for the case o^voltaic 
currents. But the solution of the (fifficulty, or the proximate 
cause of the effects, is the same : induction brings the parti- 
cles up to or towards a certain state (1370.) ; and by those 
which first attain it, is the discharge first and most efficiently 
performed. 

1409. The moment of discharge is probably determined 
by that molecule of* the dielectric which, from the circum- 
stances, has its tension most qui(*kly raised up to the 
maximum intensity. In all eases where the discharge passes 
from conductor to conductor this molecule must be on the 
surface of one of them ; but when it passes between a con- 
ductor and a non-conductor, it is, perhaps, not always so 
(1453.^. When this particle has acquired its maximum ten- 
sion, then the whole bariier of resistance is broken down in 
the line or lines of inductive action originating at it, and dis- 
ruptive discharge occurs (1370.): and such an inference, 
drawm as it is from the theory, seems to me in accordance 
with Mr. Harris’s facts and conclusions respecting the resis- 
tance of the atmosphere, namely, that it is not really greater 
at any one discharging distance th.in anothcr.f 

1410. It seems probable, (hat the tt^nsion of g particle of 
the same dielectric, as air, which is requisite to produce dis- 
charge, is a constant quantity^ whatever the shape orthe part 
of the conductor with which it is in contact, whether ItSTl 
or point; whatetcr the thickness or depth of dielectric 
throughout which induction is exerted ; pcrliaps, even, what- 
ever the state, as to rarefaction or condensjition of the 
dielectric ; and whatever the nature of the conductor, good 
or bad, with which the particle is for the moment associated. 
In saying so much, I do not mean to exclude small differences 
which may be caused by the reaction of neighbouring par- 
ticles on the deciding particle, and indeed, it is evident that 
the intensity required in a particle .must be related to the 


* Nautical ^Tag-azine, ISai, p. 2‘2f). 
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condition of those which are contiguous. But if the expecta- 
tion should be found to approximate toUruth, what a gener- 
ality of characC^r it presents ! and, in the definiteness of the 
power possessed by a particular molecule, may we not hope 
to find an immediate relation to the Wree which, being elec- 
trical, is equally definite and constitutes chemical affinity ? 

1411. TlTeoretically it ^ould seem that, at the moment of 
^dischaTjgp by the spark in one line of inductive force, not 

merelji, would all the other lines throw their forces into this 
one (140().), but the lattoral efWct, equivalent to a repulsion 
of these lines (1224. 1207.), would be relieved and, perhaps, 
followed by something equivalent to a (*ontrary action, 
amounting to a collapse or attraction of theSe parts. Having 
long sought for some transverse force in statical electricity, 
which should be the equivalent to magnetism or the transverse 
force of current electricity, and cuiiceiwng that it might be 
connected with the transverse action of the lines of inductive 
force already described (1207.), I was desirous, by various 
experiments, of bringing out the effect of such a force, and 
making it bear upon the phenomena of electro-magnetism and 
magneto-electricity. 

1412. Amongst other results, I expected and sought for 
the mutual affection, or even the lateral coalition of two 
similar sparks, if they could be obtained simultaneously side 
by side, and sufficiently near to each other. For this purpose, 
two similar Leyden jars were supplied with rods'of copper 
projecting from their halls in a horizontal direction, the rods 
being about 0*2 of an inch thick, and rounded at the ends. 
The jars w ere placed upon a sheet of tinfoil, and so adjusted 
that their rods, a and.^ were near togetl^^r, in the position 
representedi in plan at fig. 2. c and d were two brass balls 
conncctcjji by a brass rod and insulated ; c was also a lirass 
ball connected, by a wire, with the ground and w ith the tinfoil 
upon which tlie Leyden jars were placec^. By laying an 
insulated metal rod across from a to />, charging the jars, and 
removing the rod, both the jars could be brought up to the 
same intensity of charge (1370.). Then, making the ball e 
approach the ball rf, at the moment the spark passed there, 
two sparks paseed between the rods ?i, o, and the ball c ; and 
as far as the eye could judge, or the conditions determine, 
they were simultaneous. 

1413. Under these circumstances two modes of discharge 
took place ; cither each end had its own, particular spark to the 
ball, or else one end only w*as Jlssociatcd by a spark with the 
ball, but was at the same time related to the other end by a 
spark between the two. 
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1414. When the ball c was about an inch in diameter, the 
ends, n and o, about^half an inch from it, aijd about 0*4 of 
an inch from each other, the two sparks to the ball could be 
obtained. When, for the purpose of bringing the sparks 
nearer together, the ^inds, n and o were brought closer to 
each other, then, imless very carefully adjusted, only one end 
had a spark with the ball^. the other having a spark to it ; 
and the least variation of position would cause eithr?* w or o 
to be the end which, giving the direct spark to the b?ll, was 
also the one through, or by means of which, the other discharged 
its electricity. 

1415. On making the ball c smaller, I found that then it 
was needful to make the interval between the n and o larger 
in propotion to tlie distance between the«(i and the ball c. On 
making c larger, I found I could diminish the interval, and 
so bring the two simultaneous scp*irate sparks closer together, 
until, at last, the distance between them was not more at the 
widest part than O.G of their whole length. 

1416. Numerous sparks were theu passed and carefully 
observed. They were very rarely straight, but either curved 
or bent irregularly. In the average of cases they were I think, 
decidedly convex towards each other ; perhaps two thirds 

I )rcsented more or less of this effect, the rest bulging more or 
ess outwards. I was never able, however, to obtain sparks 
which, sejjarately leaving the ends of the wires n and o, con- 
joined into one spark before they reached or communicated 
with the ball c. At present, therefore, though 1 think 1 saw 
a tendency in the sparks to unite, I cannot assert it as a fact. 

1417. But there is one very interesting effect here analo- 
gous to, and it iiKiy be in part the s'" me with, that I was 
searching for ; I mean the increased facility of discharge where 
the .spark passes. For instance, in the cases where one 
end, as w, discharged the electricity of both ends to the ball'’, 
fig. 2., the electricity of the other end n, had to pass through 
an interval of air 15 times as great as that which it might 
have taken, by its direct passage between the end and the ball 
itself. In S\ich cases, the eye could not distinguish, even by 
the use of Wheatstone’s means% that the spark from the 
end n which contained both portions of the electricity, nas a 
double spark. It could not have consisted of two sparks taking 
separate courses, for such an effect would have been visible 
to the eye ; but it is just possible, that the spark of the firSt 
end n and its jar, passing at the shiallest interval of time 
before that of the other q, ha^ heated and expanded the air in 
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its course, and made it so much more favorable to discharge, 
that the electricity of the end o preferred leading across to it 
and taking a vfiry circuitous route, rather than the more 
dirict one to the ball. It must, however, be remarked, in 
answer to this supposition, that the one spark between d and e 
would, by its influence, tend to product simultaneous dis- 
charges at n and' o, and certainly did so, wdien no preponder- 
*a»ce w^ given to one wire over the other, as to the previous 
induclTve effect (1414.). • 

1418. The fact, howevSr, is, that disruptive discharge is 
favorable to itself. It is at the outset a case of tottering 
equilibrium : and if time be an clement in discharge, in how- 
ever minute a proportion (143G.), then the commencement of 
the act at any point favors its continuance and increase there, 
and*portions of powftr will bo discharged by a course which 
they would not otherwise have taken. * 

1419. The mere heat and expansion of the air itself by the 
the first portion of electricity which passes, must have a great 
influence in producing this result. 

1420. As to the result itself, wc sec its influence in every 
spark that passes ; for it is not the whole quantity which 
passes that determines the discharge, but merely that small 
portion of force which brings the deciding molecule (1370.) 
up to its maximum tension ; then when its forces are subver- 
ted and discharge begins, all the rest passes b)^ the same 
course, from the influence of the favoring circumstances just 
referred to ; and wdiether it be the electricity on a square inch, 
or a thousand square inches of charged glass, the discharge 
is complete. Hereafter w e shall find the influence of this 
effect in thf foririatio/f ofibrushes (1430,^; and it is not im- 
possible that we may trace it producing the jagged spark 
and the forked lightning. 

1421. The characters of the electric spark in different 
gases vary, and the ^%riation may be due sitnply to the effect 
of the heat evolved at the moment. But it may also bo due 
to that specific relation of the particles and the electric forces 
which I have assumed as the basis of a theory of induction ; 
the facts do not oppose such a view ; and in that view, the 
variation strengthens the argument for molecular action, as it 
would seem to shew the influence of the latter in every part 
of the electrical effect (1423, 1454). 

1422. The appearances of the sparks in different gases 
have often been observed •and recorded,* but I think it not 


• See Van Marum's description of the Tevlrrian Machine, vol. i p. M2, 
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out of place to noticf briefly the following results; they were 
obtained with balls ^ of brass, (platina surfabes would have 
t>een better,) and at common pressures* In the sparks 
have that intense lights and bluish colour which are so well 
known, and often have faint or dark parts in their course, 
when the quantity of electricity passing is noi: great. In 
nitrogen^ they are very beautiful, having the same general 
appearance as 4n air, but have decidedly more colour Gf a 
bluish or purple .character, <and I thought were remarkably 
sonorous. In oxygen^ the sparks ‘were whiter than in air or 
nitrogen, and I think not so brilliant. In hydrogen, they had 
a very fine crimson colour, not due to its rarity, for the cha- 
racter passed away as the atmosphere was rarefied (1459.).’^ 
Very little sound was produced in this gas ; but that is a con- 
sequence of its ph^ical condition.f In carbonic acid gas, 
the colour was similar to that of the spark in air, but with a 
little green in it : the sparks were remarkably irregular in 
form, more so than in common air : they could also, under 
similar circumstances as to size of ball, &c. be obtained much 
longer than in air, the gas shewing a singular readiness to 
pass the discharge in the form of spark. In muriatic acid 
gas, the spark was nearly white : it was always bright through- 
out, never presenting tnqse dark parts which happen in air, 
nitrogen, and some other gases. The gas was dry, and during 
the wholes experiment the surface of the glass globe within 
remained quite dry and bright. In coal gas, the spark was 
sometimes green, sometimes red, and occasionally one part 
was green and another red. Blacl^ parts also occur very 
suddenly in the liqp of the spark, i. e. they arc not connected 
by any dull part with bright portions, but the jwo seem to 
join directly one with the other. 

i 423. These varieties of character impress my mibd wdth a 
feeling, that they are due to a direct relation of the electric 

S owers to the p&rticles of the dielectric through which the 
ischarge occurs, and are not the mere results of a casual 
ignition or a secondary kind of action of the electricity, upon 
the particles which it finds in its course and thrusts aside in 
its passage (1454.). 

1424. The spark may be obtained in media which are far 
tlenser than air, as in oil of turpentine, olive oil, resin, glass, 
&c. : it may also be obtained in bodies which being denser 
likewise approximate to the condition of conductors, as sper- 

f • 

* Van Marum, says tliry arc about four times as large in hydrogen as in air, 

vol. i. p>122, 

f Leslie. , 
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maecti, water, ^&c. But in these cases, ^nothing occurs which, 
as far as I can^perceive, is at aU hostile to the general views 
I have endeavored to advocate. 

I 

The electrical brush. ^ 

1425* The is the next form of disruptive discharge 
NiWch Twill consider. There are many ways of obtaining it, 
or rather of exalting its characters; and all these ways illus- 
trate the principles upon which it is produced. If an insulated 
conductor, connected with the positive conductor of an elec- 
trical machine, have a metal rod 0*3 of air inch in diameter, 
projecting from it outwards from the machine, and terminating 
bj a rounded end or a small ball, it will generally give good 
brushes ; or, if the machine be not in good action, then many 
ways of assisting the formation of the brush can be resorted 
to ; thus, the hand, or any large conducting surface may be 
approached towards the termination to increase inductive 
force (1374.) : or the termination may be smaller and of 
badly conducting matter, as wood : or sparks may be taken 
between the prime conductor of the machine and the secondary 
conductor to which the termination giving brushes belongs : 
or, which gives to the brushes exceedingly fine characters and 
great magnitude, the air around* the termination may be 
rarefied more or less, either by heat or the air pump ; the 
former favorable circumstances being also continued. 

142G. The brush when obtained by a powerful machine on 
a ball about .0*7 of an inch in diameter, at the end of a long 
brass rod attaclicd to the positive prime conductor, had the 
general apocarance asf**to form represented in fig. 3. ; a short 
conical bri^t part or root appeared at the middle part of the 
ball projfecting directly from it, w hich at a little distance trom 
the ball, broke out suddenly into a wide brudk of pale rami 
fications having a quivering motion, and bifeing accompanied 
at the same time witli a low dull chattering sound. 

1427* At first the brush seems continuous, but Professor 
Wheatstone has shewn that the whole phenoruenon consists 
of successive intermitting discharges.* If the eye be passed 
rapidly, not by a motion of the head, but of the eyeball itself, 
across the direction of the brush, by first looking steadfastly 
about 10^ or 15^ above, and then instantly as much below it, 
the general brush will be resolved into a number of individual 
brushes, standing in a row* npon the line which the eye passed 
over ; each elementary brush being the result of a single dis- 
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charge, and the spa^e between them representing both the 
time during which the eye was passing over that space, and 
that which elapsed between one discharge and another. 

1428. The single brtishes could easily.be separated to eight 
or ten times their gwn width, but were not at the same time 
extended, i. e. they did not become more indefinite in shape, 
but, on the contrary, less so, each being more distinct-in forig^ 
ramification, and character, because of its separation fromlhe 
from the others, ki its efiect^ upon the eye. Each, therefore, 
was instantaneous in its existence (1436.). Each had the 
conical root complete (1426.). 

1 429. On using a smaller ball, the general brush was smaller, 
and the sound, though weaker, more continuous. On resolv- 
ing the brush into its elementary parts, as before, these were 
found to occur at much shorter intervals than in the former 
case, but still the discharge was intermitting. 

1430. Employing a wire with a round end, the brush was 
still smaller, but, as before, separable into successive dis- 
charges. The sound, though feebler, was higher in pitch, 
being a distinct musical note. 

•1431. The sound is, in fact, due to the recurrence of the 
noise of each separate discharge, and these, happening at in- 
tervals nearly equal under ordinary circumstances, cause a 
definite note to be heard, which rising in pitch with the in- 
creased ra\)idity and regularity of the intermitting discharges, 
gives a ready and accurate measure of the intervals, and so 
may be used in any case when the discharge is heard, even 
though the appearances may not bo seen, to determine the 
element of time. • So, also, when, bj^ bringing the hand to- 
wards a projecting rod or ball, the pitch of the tone produced 
by a brusljy discharge increases, the effect informs u^ that we 
have increased the induction (1374.), and by that means in- 
creased the rapidity of the alternations of charge and dis- 
charge. 

1432. Byusingwires with finer terminations, smaller brushes 
were obtaiired, until they could hardly be distinguished as 
brushes ; but as long as sound was heard, the discharge could 
be ascertained by the eye to be intermitting ; and when the 
sound ceased, the light became continuous as a glow (1359. 
1405.). 

1433. To those not accustomed to use the eye in the manner 
1 have described, or, in cases where tRe recurrence is too quick 
for any unassisted eye, the* beautiful revolving mirror of 
Projpssor Wheatstone^ will be useful for such developments 

♦ Philosophical Transactions, 1834, pp. 584, 585. * • 
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of condition as those mentioned abovd Another excellent 
process is to jpfpduce the brush or other luminous phenomenon 
on the end of a rod held in the hand opposite to a charged 
positive or negative conductor, and then move the rod rapidly 
from side to side whilst the eye remains still. The successive 
discharges dccur of course in different places, and the state of 
^'things before, at, and after a single coruscation or brush can 
B^x^eeding well separated. 

1434. The brush is in, reality a discharge between a bad 
jor a non-conductor and eitlier a conductor or another non- 
conductor. Under common circumstances, the brush is a 
discharge between a conductor and air, aftd I conceive it to 
.take place in some thing like the following manner. When 
4Ue.end of an electrified rod projects into the middle of a room 
induction takes place between it and tl^e walls of the room, 
across the dielectric, air ; and the lines of inductive force 
accumulate upon the end in greater quantity than elsewhere, 
or the particles of air at the end of the rod are more highly 
polarized than those at any other part of the rod, for the 
reasons already given (1374.). The particles of air situated 
in sections across these lines of force are least polarized in 
sections towards the walls, and most polarized in those nearer 
to the end of the wires (1369.) : thus, it may well happen, 
that a particle at the end of the wire is at a tension that Mdll 
immediately terminate in discharge, whilst in those even only 
a few inches off, the tension is still beneath that point. But 
suppose the rod to be charged positively, a particle of air A, 
fig. 4. next it, being polarized, and having of course its nega- 
tive force directed towards the rod and its positive force 
outwards ;«the instant” that discharge takes place between the 
positive^ force of the particle of the rod opposite the air and 
the negative force of tlie particle of air towards the ro5, the 
whole particle of air becomes positively electrified ; and when, 
the next instant, the discharged part of flie rod resumes its 
positive state, by conduction from the surface of metal beliind, 
it not only acts on the particles beyond A, by throwing A 
into a polarized state again, but A itself, because of its 
charged state, dxerts a distinct inductive act towards these 
further particles, and the tension is consequently so ''much 
exalted between A and B, that discharge takes place tliero 
also, as well as a^ain between the metal and A. 

1435. In addition to 'this effect, it has been shewn, that, 
the act of discharge having onfce commenced, the whole oper- 
ation, like a case of unstable equilibrium, is hastened to a 
conclusion (1370. 1418.), the rest of the act being facilitated 
in its occutrcnce, and other electricity than that which caused 
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the first necessary legion hurrying to the spot. When, there- 
fore, disruptive discharge has once commencQ^ at the root of 
a brush, the electric force which has been accumulating in the 
conductor attached to the rod, finds a more ready discharge 
there than elsewhere, and will at once follow the course 
marked out as it were for it, thud leaving the conductor in a 
partially discharged state, and the air about the end of the 
wire in a charged condition ; and the time necessary for Res- 
toring the full charge of thel 2 ondu<jtor, and the dispersion of 
the charged air in a greater or smaller degree, by the joint 
forces of repulsion from the conductor and attraction towards 
the walls of the rdom, to which its inductive action is directed 
is just that time which forms the interval between brush and 
brush (1420. 1427. 1431.) ' 

1436. The words of this description are long, but there is 
nothing in the act or the forcesnn which it depends to prevent 
its being instantaneous^ as far as we can estimate and mea- 
sure it. The consideration of time is, however, important in 
severcal points of view (1418.), and in reference to disruptive 
discharge, it seemed from theor)^ far more probable that it 
might be detected in a brush than in a spark, for in a brush, 
the particles in the line through which the discharge passes 
are in very different states as to intensity, and the discharge 
is already complete in its act at the root of the brush, before 
the particles at the extremity of the ramifications have yet 
attained their maximum intensity. 

1437. I consider brush discharge as, probably, a successive 
effect in this way. Discharge begins at the root (1426.), and, 
extending itself in succession to all pwts of the single brush, 
continues to go on at the root and the previously formed parts 
until.the whole brush is complete ; then, by tlie fall in inten- 
sity and power at the conductor, it ceases at once in all parts, 
to be renewed, when that power has risen again to a sufficient 
degree. But in a spark, the particles in the line of discharge 
being, from the circumstances, nearly alike in their intensity 
of polarization, suffer discharge so nearly at the same moment 
as to make the time quite insensible to us. 

1438. Mr. Wheatstone has already made experiments which 
fully illustrate thia point. He found that the brush generally 
bad a sensible duration, but that with his highest capabilities 
he could not detect any such effect in the spark.* I repeated 
bki 'Experiment on the the brush, though with more imperfect 
means, to ascertain whether f could distinguish a longer 
duration in the stem or root of the brush than in the ex- 
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tremities, and the api>earances were ^uch as to make me 
think an cfFectfof this kind was produced, 

1439. That Ihe discharge breaks into several ramifications, 
and by them passes through portiorjp of air alike, or nearly 
alike, as to polarization and the degree of tension the particles 
there have"" acquired, is a very natural result of the previous 
state of things, and sooner to be expected than that the dis* 

should continue to go straight out int,p space in a 
single line amongst those particles which, being at a distance 
from the end of the rod, are in a lower state of tension than 
those which are near : and whilst we cannot , but conclude, 
that those parts where the branches of a single brush appear, 
are more favorably circumstanced for discharge than the 
^grker parts between the ramifications, we may also conclude, 
that in those parts where the light of concomitant discharge 
is equal, there the circumstances are nearly equal also. The 
single brushes are by no means of the same particular shape 
even when they arc observed without displacement of the rod 
or surrounding objects (1427. 1433.), and the successive dis- 
charges may be considered as taking place into the mass 
of air around, through different roads at each brush, according 
as minute circumstances, as dust, &c. (1391. 1392.) may 
have favored the course by one set of particles rather than 
another, 

1440. Brush discharge does not essentially require any 
current of the medium in which the brush appears : the cur- 
rent almost always occurs, but is a consequence of the brush, 
and will be considered, hereafter. On holding a blunt point 
positively charged towards uninsulated water, a star or glow 
appeared or\ the poiiit^'h current of air passed from it, and ttie 
surface of the water was depressed; but on bringing the 
point so'near that sonorous^ brushes passed, then the current 
of air instantly ceased, and the surface of the water became 
level. 

1441. The dischasrge by a brush is not to all the particles 
of air that are near thn electrified conductor from which the 
brush issues ; only those parts where the ramifications pass 
are electrified : the air in the central dark parts between them 
receives no charge, and, in fact, at the time of discharge, has 
its electric and inductive tension considerably lowered. For 
consider fig. 14. to represent a single positive brush ; — the 
induction before the discharge is from the end of the rod out- 
wards, in diverging lines tfiw^ards the distant conductors, as 
the walls of the rooin» &c., and a particle at a has polarity of 
a certain degree of tension, and tends with a certain force to 
become charged ; but at the moment of discharge, the air in 
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the ranufioatioDs & aife d, aoqairin^ ^so a p^laTe state, op- 
poses its inflben$e to mat of the jpositire coodiK^r on a, and the 
tension of the particle a.t a is therefore diminished ra&er than 
increased. The charged particles at b and d are now induc- 
tive bodies, but their lines of inductive action are still outwards 
towards the walls of the room i the direction of the polarity 
and ^e tendency of other particles to charge from these, bei^. 
goverqed by, or in conformity with» these lines of force- 

1442. The partidos that are charged are probably very 

highly chargeoj but, the medium being a non-conductor, they 
cannot commiimicate that state to their neighbours. They 
travel, didtefore, under the influence of the repulsive and 
attractive forces, from t^ie charged conductor towards the 
nearest uninsulated , conductor, or the nearest body in a dhTer- 
ent state to themselvfes, just as chafged particles of dust would 
travel, and are then discharged ; each particle acting, in its 
course, as a centre of inductive force upon any bodies near 
which it may -^ome. , \ 

1443. The travelling of these charged particles when they are 
numerous, causes wind ahd currents, but these will come into 
consideration under carrying discharge (1319.). When air is 
said to be electrifldd, and it fi^quently assumes this state near 
electrical machines, it consists, according to my view, of a 
mixture of eleotrlfh^d and uu«6lectrified particles, the latter 
being in very large proportion to the former. When we 
gather electricity from aur by a flame or by wires, it is 
either , by the actual discharge of thesq particles, or by effects 
dependent bn ' the^ inductive action, a case of either kind 
being produceable a pleasure. Thffi the law ^of equality 
b^ween the l;wo forces or forms of force in inductive action is 
,a-s strictly preserved in these as m other cases, is fuRy shewn 
by the fact, formerfy stated (1173^ 1174.), that, however 
strongly air in a 'fessel might be charged positively, there was 
an Exactly equal amount of negatiia force on the inner sur- 
face of tha .vessel itself, for Up rqsiot^ portion of either the 
jone or the other electricity could be obtained. 

^ 1444. 1 have nowhere said, iiBr does it follow, that the air 

is charged .^only wliere the luminous brush appears. The 
charging^may ex^d beyond those parts which are visible, i. e. 
particles to the right or left of the Imp^ of light may receive 
^eolrlcity, jthe parts which are luminous bbing so only because 
mu(^ electricity is passing By fhem to other parts (1437.) ; 

in a sp|.rk discharge the light ia greater as more elec- 
tricity ^passes, though it has no necessary relation to the 
quantity required to commence discharge (1370. 1420.)v 
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Hence the form we sei*. in a brush may by no means represent 
the whole quantity of air electrified ; fo| an invisible portion, 
clothing the visible form to a certain depth, may, at the same 
time, receive its charge. 

1445. Several elFcets which I have met with in muriatic 
acid gas tend to make me believe, that gaseous body allows 
of a dark discharge. At the same time, it is quite clear from 

•-^bepry, that in some gases, the revers^ of this may occur, i. e. 
thaf the charging of the air may pot ektend even so far the 
light. We do not know as yet enough of the electric light to 
be able to state on what it depends, and it is very possible 
that, when electricity bursts forth into air, ail the particles of 
which are in a state of tension, light ma^" be evolved by such 
as, being very near to, are not of, those which actually i^eeeive 
a*charge at the time. ’ 

1446. The further a brush extends in a gas, the further no 
doubt is the charge or discharge cairied forward; but this 
may vary between different gases, and yet the intensity re- 
quired for the first moment of discharge not vary in the same, 
but in some other proportion. Thus with respect to nitrogen 
and muriatic acid gases, the former, as far as my experiments 
have proceeded, produces far finer and larger brushes than 
the latter (1458. 1462.)» but the intensity required to com- 
mence discharge is much higher for the latter than the former 
(1395.). Here again, therefore, as in many ptber»qualities, 
specific differences are presented by different gaseous dielec- 
trics, and so prove the special relation of the latter to the act 
and the phenomena of induction. 

1447. To sum up these considerations respecting the 
character and condition'saf the brush, 1 mal^' state that it is a 
spark to air f a diffusion of electric force to matter, not by con- 
duction, but disruptive discharge ; a dilute spark which, pass- 
ing to very badly conducting matter, frequently discharges 
but a small portion of the power stored up ih the conductor ; 
for as the air charged reacts on the conductor, whilst the, con- 
ductor, by loss of electricity, sinks in its force, the discharge 
quickly ceases, until by tlie dispersion of the charged air and 
the renew al of the exeked conditions of the conductor, circum- 
stances have risen up to their first effective condition, again to 
cause discharge, and again to fall and rise. 

1448. The brush and spark gradually pa^lnto one another, 

.blaking a small ball positive by a good electrical machine 
with a large prime conductor, and apj^-oaching a large 
uninsulated discharging ball towards it, very beautiful 
variations from tlie*^ spark to the brush may be ob-^ 
tained. The drawings of long and powerful sparks, given by 
VoL. V. — No. 27, S('jjt\mbery 1840. Z 
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Van Marum,* Harrkyf and others, also indicate the same 
phenomena. As farps I have observed, whoever the spark 
has been brushy in mr of common pressures Ae whole of the 
electricity has not been discharged, but only portions of it, 
more or less according to circumstances : whereas, whenever 
the effect has been a distinct spark throughout t^e whole of 
its course, the discharge has been perfect, provided no inter- 
ruption had been made to it elsewhere, in the discharging^ 
circuit, tlian where the spark occurred. * 

1449. When an electrical brush from an inch to six inches 
in length or more is issuing into free air, it has the form given, 
£g. 3. But if tl\e hand, a ball, or any knobbed conductor be 
brought near, the extremities of the coruscations turn towards 
it and each other, and the whole assumes various forms 
according to circumstances, as in figs. 5, 6, and 7. ThMn- 
iluence of the circu^iiistances in each case is easily traced, and 
I might describe it here, but that I should be ashamed to oc- 
cupy the time of the Society in things so evident. But how 
beautifully does the curvature of the ramifications illustrate 
the curved form of the lines of inductive force existing pre- 
vious to the discharge ! for the former are consequences of 
the latter, and take their course, in each discharge, where 
the previous inductive tension had been raised to the proper 
degree. They represent these curves just as well as iron 
filings represent mignetic curves, the visible effects in both 
cases being the consequences of the action of the forces in 
the places where the effects appear. The phenomena, there- 
fore, constitute additional and powerful testimony (1216. 
1230.) to that already given in favor Both of induction through 
dielectrics in curved lines (1231.), arrf of the lateral relation 
of these lines, by an effect equivalent to a repulsion pro- 
duding divergence, or, as in the cases figured, th^ bulging 
form. 

1450. In reference to the theory of molecular inductive 
action, 1 may also add here, the proof deducible from the long 
brushy raiqifying spark which may be obtained between a 
small ball on the positive conductor of an electrical machine, 
and a larger one at a distance (1448.). What a fine illustra- 
tion that spark affords of the previous condition of all the 
particles of the dielectric between the surfaces of dischai'ge, 
and how unlike^ the appearances are to any which would be 
deduced from the theory which assiynes inductive action to be 
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action at a distance, in straight lines pnly ; and charge, as 
being electricity retained upon the suil^ce of conductors by 
the mere pressure of the atmosphere ! 


1451. When the brush is obtained in rarefied air, the ap- 
pearances vary greatly, according to circumstances, and are 

^exceedingly beautiful. Sometimes a brush may be formed of 
only'^^ix or seven branches, th§se being broad and highly 
luminous, of a purple colour, and in some parts an incli or 
more apart : — ^by a spark discharge at the prime conductor 
(1455.) single brushes may be obtained at pleasure. Dis- 
charge in the form of a brush is favored by rarefaction of the 
air, in the same manner and for the same reason as discharge 
in date form of a spark (1375.) ; but in every case there is pre- 
vious induction and charge through the dfelectric, and polarity 
of its particles (1437.), the induction being, as in any other 
instance, alternately raised by the machine and lowered by the 
discharge. In certain experiments the rarefaction was in- 
creased to the utmost degree, and the opposed conducting 
surfaces brought as near together as possible without produc- 
ing the glow ; the brushes then contracted in their lateral 
dimensions, and recurred so rapidly as to form an apparently 
continuous arc of light from metal to metal. Still the dis- 
charge could be observed to intermit (1427.), so, that even 
under these high conditions, induction preceded each single 
brush, and the tense polarized condition of the contiguous 
particles was a necessary preparation for the discharge itself. 

1452. The brush form of disruptive discharge may be ob- 
tained not only in airland gases, but ateo dn much denser 
media. I ptocured it in oil of turpentine from the end of a 
wire goiiBg through a glass tube into the fluid contained In a 
metal vessel. The brusli was small and very difficult to obtain ; 
the ramifications were simple, and ^trctchyd out from each 
other diverging very much. The light was exceedingly feeble, 
a perfectly dark room being required for its Qbservation. 
When a few solid particles, as of dust or silk, were in the 
liquid, the brush was produced with much greater facility. 

1453. The running together or coalescence of different lines 
of discharge (1412.) is very beautifully shewn in the brush in 
air. This point may present a little difficulty to those who 
are not accustomed to see in every discharge an equal exertion 
of power in opposite directions,, a positive brush being con- 
sidered by such (perhaps in consequence of the common 
phrase direction of a current) as indicating a breaking forth 
in different directions of the original force, rather than a 
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tendency to conver^nce and union in one line of passage* 
But the ordinary c£i»e of the brush may be gompared, for its 
illustration, with that in which, by holding the knuckle oppo- 
site to highly excited glass, a discharge occurs, the ramifica- 
tions of a brush then leading from the glass and converging 
into a spark on the knuckle. Though a difficulti,experiment 
to make, it is possible to obtain discharge between highly 
excited shell-lac and the excited glass of a machine : wheT' 
the discharge passes, it is, from the nature of the diarged 
bodies, brush at each end and spark in the middle, beautifully 
illustrating that tendency of discharge to facilitate like action, 
which, I have described in a former page (1418.). 

1454. The brush has specific characters in different gases, 
indicating a relation to the particles of these bodies even in a 
stronger degree than the spark (1422. 1423.). This effect Is 
in strong contrast with the non-variation caused by the use of 
different substances as conductors from which the brushes are 
to originate. Thus, using such bodies as wood, card, char- 
coal, nitre, citric acid, oxalic acid, oxide of lead, chloride of 
lead, carbonate of potassa, potassa fuso, strong solution of 
potash, oil of vitriol, sulphur, sulphuret of antimony, and 
haematite, no variation in the character of the brushes was 
obtained, except that (dependent upon their effect as better 
or w^orse conductors) of causing discharge with more or less 
readiness ^nd quickness from the machine.* 

1455. The following are a few of the effects I observed in 
different gases at the positively charged surfaces, and with 
atmospheres varying in their pressure. The general effect of 
rarefaction was the same for all the' gases : at first, sparks 
passed ; these gradually w^ere. converted into brushes, which 
became larger and more distinct in their ramifiesftions, until, 
upon further rarefaction, the latter began to collapse and 
draw in upon each other, till they formed a stream across from 
conductor to conductor^: then a few lateral streams shot 
out towards the glass bf the vessel from the conductors ; 
these became thick, flossy, and soft in appearance, and 
were succeeded by the full constant glow which covered 
the discharging wire. The phenomena varied with the size 
of the vessel (1477.), the degree of rarefaction, and the dis- 
charge of electricity from the machine. When the latter was 
in successive sparks, they were most beautiful, the effect of a 
spark from a small machine being eqpal to, and often surpass- 


* Exception must, of course, be made of those cases Trhere the root of the 
brush, becoming a spark, causes a little riiflusion or even decomposition of 
the matter there, and so gains more or less of a particular colour at that part* i 
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ing, that produced by the constant diB|pharge of a far more 
powerful one. 

1456. Air . — Fine positive brushes arA easily obtained in 
air at common pressures, and possess the well-known pur- 
plish light. When the air is rarefiedif* the ramifications are 
very long, filling the globe (1477.), the ligjit is greatly in- 
creased, and is of a beautiful purple colour, with an occasional 
«ro^se tint in it. 

Oxygen , — At common pressures, the brush is very 
close and compressed, and ,of a dml whitish colour somewhat 
purplish, but all the characters very poor compared to those 
in air. 

1458. Nitrogen gives brushes with great facility at the 
positive surface, far beyond any other gas I have tried : they 
are almost alw^ays fine in form, light, and colour, and in rare- 
fied nitrogen are raagniScent. I'hey surpass the discharges 
in any other gas as to the quantity of light evolved. 

1459. Hydrogen^ at common pressures, gave a better brush 
than oxygen, but did not equal nitrogen ; the colour wms 
greenish grey. In rarefied hydrogen, the ramifications were 
very fine in form and distinctness, but pale in colour, with a 
soft and velvety appearance, and not at all equal to those in 
nitrogen. In the rarest state of the gas, the colour of the 
light w^as a pale grey green. 

14(50. Coal gas , — 'llic brushes w ere rather difficult to pro- 
duce, the contrast with nitrogen being great in this respect. 
They w^ere short and strong, generally of a greenish colour, 
and possessing much of the spark character : for, occurring 
on both the positive aifd negative terminations, often when 
there w’as a dark intervid of some length •between the two 
brushes, still the quick, sharp sound of the spark was pro- 
duced, asjf the discharge had been sudden through this gas, 
and partaking, in that respect, of the character of a spark. 
In rare coal gas, the forms were better, bnt the light very 
poor .and the colour grey. 

1461. Carbonic acid gas produces a very poor brush at 
common pressures, as regards either size, light, or colour ; 
and this is probably connected with the tendency which this 
gas has to discharge the electricity as a spark (1422.). 
In rarefied carbonic acid, the brush is better in form, but 
weak as to light, being of a dull greenish or purplish hue, 
varying with the pressure and other circumstances. 

1462. Muriatic acid gas It is very difficult to obtain the 

brush in this gas at common pressures. On gradually in- 
creasing the distance of the rounded ends, the sparks sud- 
denly ceased when the interval w as about an inch, and the 
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discharge, which still through the gas in the globe, was 
silent and dark. Occasionally a very shorjt brush could for 
a few moments be obtained, but it quickly disappeared again. 
Even when the intermitting spark current (1455.) from the 
machine was used, %till 1 could only with difficulty obtain a 
brush, and that very short, though I used rods ;vith rounded 
terminations (about 0*25 of an inch in diameter) which had 
before given them most freely in air and nitrogen. Duripg 
the time of this difficulty with the muriatic gas, magUIBcent 
brushes were passing off from different parts of the machine 
into the surrounding air. On rarefying the gas, the forma- 
tion of the brusji was facilitated, but it was generally of a low 
squat form, very poor in light, and very similar on both the 
positive and negative surfaces. On rarefying the gas still 
more, a few large ramifications were obtained of a pale Huish 
colour, utterly unlike those in nitrogen. 

1463. In all the gases, the different forms of disruptive 
discharge may be linked together and gradually traced from 
one extreme to the other, i. e. from the spark to the glow 
0405.), or, it may be, to a still further condition to be called 
aark discharge ; but it is, nevertheless, very surprising to sec 
what a specific character each keeps whilst under the pre- 
dominence of the general law. Thus, in muriatic acid, the 
brush is very difficult to obtain, and there comes in its place 
almost dark discharge, partaking of the readiness of the 
spark action. Moreover, in muriatic acid, 1 have never ob- 
served the spark with any dark interval in it. In nitrogen, 
the spark readily changes its character into that of brush. 
In carbonic acid gas, there seems to be a facility to occasion 
spark discharge, ■whilst yet that garvis unlike nitrogen in the 
facility of the latter to form brushes, and unlike*muriatic acid 
in*its own facility to continue the spark. These differences 
add further force, first to the observations already made re- 
specting the sprrk in various gases (1422. 1423.), and then, 
to the proofs deducible from it, of the relation of the electri- 
cal forces to the particles of matter. 

1464. The peculiar characters of nitrogen in relation to 
the electric discharge (1422. 1458.) must, evidently, have 
an important influence over the form and even the occurrence 
of lightning. Being that gas which most readily produces 
coruscations, and, by them, extends discharge to a greater 
distance than any other gas tried, it is also that which con- 
stitutes four fifths of our atipospherc ; and as, in atmospheric 
electrical phenomena, one, and sometimes both the inductive 
forces are resident on the particles of the air, which, though 
probably affected as to conducting power by the aqueous 
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particles in it, cannot be considered as a|good conductor so, 
the peculiar pow^r possessed by nitrogen, to originate and 
effect discharge in the form of a brush ir of ramifications, 
has, probably, an important relation to its electrical service in 
nature, as it most seriously affects the character and condition 
of the discharge when made. The whole subject of discharge 
from and through gases is a most important one to science, 
an.d, if only in reference to atmospheric electricity, deserves 
extensive and close experimental investigation. 

• 

Difference of discharge at the positive and negative 
conducting surfaces. 

1465. I have avoided speaking of this well-known pheno- 
menon more than was quite necessary, that I might bring 
together here what I have to say on the siibject. When the 
brush discharge is observed in air at the positive and negative 
surfaces, there is a very striking difference, the true and full 
comprehension of which would, no doubt, be of the utmost 
importance to the physics of electricity ; it would throw great 
light on our present subject, i. e. the molecular action of die- 
lectrics under induction, and its consequences, and seems 
very open to, and accessible by, experimental inquiry. 

N 1466. The difference in question used to be expressed in 
former times by saying, that a point charged positively gave 
brushes into the air, whilst the same point charged negatively 
gave a star. This is true only of bad conductors, or of 
metallic conductors charged intermittingly, or otherwise con- 
trolled by collateral induction. If metallic points project 
freely into the air, the positive and negative light upon them 
differ very little in appearance, and the difference can be ob- 
served onjy upon close examination. • 

1467. The effect varies exceedingly under different circum- 
stances, but, as we must set out from some position, may 
perhaps be stated thus : if a metallic wire with a rounded 
termination in free air be used to produce the brushy dis- 
charge, then the brushes obtained when the wire is charged 
negatively are very poor and small, by comparison with those 
produced when the charge is positive. Or if a large metal 
ball connected w ith the electrical machine be charged posi~ 
tivelj/i and a fine uninsulated point be gradually brought to- 
wards it, a star appears on the point wmen at a considerable 
distance, which though it beepmes brighter, does not change 
its form of a star until it is closib up to the ball : where^, if 
the ball be charged negatively, the point at a considerable dis- 
ta|ice has a st?ir on it as before ; but when brought nearer. 
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([in my case to the|distance of inch,) a brush formed on 
it, extending to the negative ball ; and when still nearer, 
(at of an inch di^ance,) the brush ceased, find bright sparks 
passed. These variations, I believe, include the whole series 
of difierenccs, and tliey seem to shew at once, that thencgative 
surface tends to j’ctain its discharging character unchanged, 
whilst the positive surface, under similar circumstances, per- 
mits of great variation. . • 

1468. There are several points in the character the 
negative discharge to air w!iich it is important to observe. A 
metal rod, 0-3 of an inch in diameter, with a rounded end 
projecting into the air, was charged negatively, and gave a 
short noisy brush (fig. 8 ). It was ascertained both by sight 
(1427. 1433.) and sound (1431.), that the successive dis- 
charges were very rapid in their recurrence, being seven or 
eight times more iftnnerous in the same period, than those 
produced when the rod was charged positively to an equal 
degree. When the rod was positive, it was easy, by working 
the machine a little quicker, to replace the brush by a glow 
(1405. 1463.), but when it was negative no efforts could pro- 
duce this change. Even by bringing the hand opposite the 
wire, the only effect was to increase the number of brush dis- 
charges in a given period, raising at the same time the sound 
to a higher pitch. 

1469. ^ point opposite the negative brush exhibited a star, 
and as it was ap])roximatcd caused the size and sound of the 
negative brush to diminish, and, at last, to cease, leaving the 
negative end silent and dark, yet effective as to discharge. 

1470. When the round end of a smaller wire (fig. 9.) was 
advanced toward® the negative brui, it (becoming positive 
by induction) exhibited the quiet glow at 8 inAes distance, 
the negative brush continuing. When nearer, the pitch of 
the sound of the negative brush rose, indicating quicker inter- 
mittences (143]#) ; still nearer, the positive end threw off 
ramifications and distinct brushes ; at the same time, the nega- 
tive brushy contracted in its lateral directions and collected 
together, giving a peculiar narrow longish brush, in shape 
like a hair pencil, the two brushes existing at once, but very 
different in their form and appearance, and especially in the 
more^ rapid recurrence of the negative discharges than of the 
positive. On using a smaller positive wire for the same ex- 
periment, the glow first appeared op it, and then the brush, 
the negative brush being affected at the same time ; and the 
two at one distance became exceedingly alike in appearance, 
and the sounds, 1 thought, were in unison ; at all events they 
were in harmony, so that the intermissions of discharge were 
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either isochronous, or a simple ratio cAsted between the in- 
tervals. With a higher action of the machine, the wires being 
retained unaltefed, the negative surface would become dark 
and silent, and a glow appear on the; positive one. A still 
higher action changed the latter into a Upark. Finer positive 
wires gave^«,other variations of these effects,, which I must not 
allow myself to go into here. 

1471. A thinner rod was now connected with the negative 
condtictor in place of the larger one (1468.), its termination 
being gradually diminished to a blunt point, as in fig. 10, ; and 
it was beautiful to observe that, notwithstanding the variation 
of the brush, the same general order of effcots was produced. 
The end gave a small sonorous negative l)rush, which the 
approach of the hand or of a large conducting surface did not 
alter, until it was so near as to produce a spark. A fine 
point opposite to it was luminous at a dis^tance ; being nearer 
it did not destroy the light and sound of the negative brush, 
but only tended to have a brush produced on itself, which, at 
a still nearer distance, passed into a spark joining the two 
surfaces. 

1472. When the distinct negative and positive brushes are 
produced simultaneously in relation to each other in air, the 
former almost always has a contracted form, as in fig. 11., 
very much indeed resembling the figure which the positive 
brush itself has when influenced by the lateral vicinu^y of posi- 
tive parts acting by induction. Thus a brush issuing from a 
point in the re-entering angle of a positive conductor has the 
same compresised form (^fig. 12.). 

1473. The character of the negative brush is not affected 

by the chemical nature of the substances of the conductors 
(1454.), bu^ only by their possession of the conducting power 
in a gre^^ter or smaller degree. • 

1474. llarefaction of common air about a negative ball or 
blunt point facilitated the development of i\w negative brush, 
the effect being, I think, greater than on a positive brush, 
though great on both. Extensive ramification^ could he 
obtained from a ball or end electrified negatively to the plate 
of the air-pump on which the jar containing it stood. 

1475. Avery important variation of the relative forms and 
conditions of the positive and negative brush takes place on 
varying the dielectric in which they are produced. The 
difference is so very greajt that it points to a specific relation 
of this form of discharge to the particular gas in which it takes 
place, and opposes the idea that gases are but obstructions to 
the discharge, acting one like another and merely in propor- 
tion to their pressure (1377). 

VoL. V. — No. 27, September^ 1840. 2 A 
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1476. In a?>, the luperiority of the positive brush is well 
known (1467. 1472.^. In nitrogen, it is great or even 
greater than in air (f458.). In hydrogen, th6 positive brush 
loses a part of its supejriority, not being so good as in nitrogen 
or air; whilst the ifegativc brush does not seem injured 
(1459.). Inoryf^n, the positive brush is compressed and 
poor (1457.) ; wliilsl the negative did not sink in character: 
the two were so alike that the eye frequently could not tell * 
the one from the other, anj| this similarity continued when 
the oxygen was gradually rarefied.* In coal gas, the brushes 
arc difficult of production as compared to nitrogen (1460.), 
and the positivci not much superior to the negative in its 
character, either at common or low pressures. In carbonic 
acid gas, this approximation of character also occurred. In 
muriatic acid gas the positive brush was very little better 
than the negative, find both difficult to produce (1462.) as 
compared with the facility in nitrogen or air. 

1477. These experiments were made with rods of brass 
about a quarter of an inch thick having rounded ends, the 
cuds being opposed in a glass globe 7 inches in diameter, 
containing the gas to be experimented wdth. The electric 
machine was used to communicate directly, sometimes the 
positive, and sometimes the negative, state, to the rod in con- 
nexion with it. 

1478. ,Thus w^c see that, notwithstanding there is a general 
difference in favor of the superiority of the positive brush 
over the negative, that difiercncc is at its maximum in nitro- 
gen and a*ur; whilst in carbonic acid, ^muriatic acid, coal gas, 
and oxygen it diminishes, and at last becomes almost nothng. 
So that in this particular effect, as all others yet examined, 
the evidence is in favor of that view which refeffe the results 
to k direct relation of the electric forces with the molecules 
of the matter concerned in the action (1421. 1423. 1463.). 
Even when special phenomena arise under the operation of 
the general law, the theory adopted seems fully competent 
to meet thq case. 

1479. Before I proceed further in tracing the probable 
cause of the difiercncc between the positive and negative brush 
discharge, I wish to know the results of a few experiments 
w hich are in course of preparation : and thinking this Series 
of Researches long cnougli, I shall here close it with the ex- 
pectation of being able in a few w ceks to renew the inquiry, 
and entirely redeem my pledge (1306.). 

Royal Institution, Dec. 23r(l, 1837, 
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XXIV. — On Blectro-Magnetic Forces, fiy J. P. Joule, Esq. 

29- In resuming the relation of my researches, I shall dis- 
miss for the present the investigation of electro-magnetic forces 
as applied to the movement of machines, and consider the laws 
which govern that peculiar condition which is assumed on the 
completion of the ferruginous circuit — the lifting or sustaining 
power of the clcctro-magnct. • 

30. Although this wonderful property is known to all, and 
a variety of forms has been given to the electro-magnet both 
as regards the bulk and shape of its irony and the length 
and number of its magnetizing spirals, I am not aware that 
any general rules have been laid down for its manufacture, 
which is a circumstance the more to be^ regretted, as it has 
led some to imagine that the different capabilities of various 
arrangements, are the consequence of causes too many and 
too recondite to be unravelled. I shall attempt in this paper 
to throw some light upon this subject, and shall describe a 
construction attended by far greater results than have hitherto 
been produced. — It was my desire to make my experiments 
as exact «as possible, and as I wish the relation of them to be 
clear and definite, 1 shall begin with some observations on 
the measure of current electricity indicated by the galvano- 
meter, an instrument not only useful but absolutely essential 
in an inquiry of this nature. 

31. The great difficulty, if not the absolute impossibility, 
of understanding experitnents such as these and comparing 
them with one another, arises in general from incomplete des- 
criptions of apparatus, ami in particular ffom the arbitrary 
and vague ntimbcrs which are used in characterizing electric 
currents.^ Such a practice might be tolerated in the infancy 
of the science, but in its present state of advancement greater 
precision and propriety are imperatively deftiauded. I have 
therefore determined for my own part to abandon my old 
quantity numbers and to express my results on the basis of 
an unit which shall be at f)nce scientific and convenient. 

32. That proposed by Dr. Faraday is, I believe, the only 
standard of this kind that has been suggested. His discovery 
of the definite quantity of electricity associated with tlie atoms 
or chemical equivalents of bodies, has induced him to use the 
voltameter as a measurer^ and to propose that the hundredth 
part of a cubic inch of the mixec^ gases should constitute the 
degree."^ There can be no doubt that this system clfcrs 
superior advantages to the experimenter in some circumstances, 

* Experimental Researches, Series lii. (73C ). 
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and when the above instrument is employed. However, as I 
am not aware that ^ has been used in the researches of any 
electrician, not excepting those of Faraday himself, 1 have 
not hesitated to advan^'C what I think to be more appropriate 
as well as more generally advantageous. It is thus simply 
stated. ^ 9 

33. 1. A degree static electricity is that quantify which 
is just able to decompose nine grains of water. 2 , A degree 
q/’ current electricity is ihe^same amount propagated (Firing 
each hour of time ; and 3. Where both time and length of 
conductor are elements, as in electro-dynamics, a degree of 
electric force, or^of electro-momentum, is indicated by that 
same quantity ( a degree of static electricity^) propaijated 
through the space of one foot in one hour of tune. Whenever 
in future I speak oijdegrecs^ 1 shall intend those w hich 1 have 
just defined. 

34. As 9 is the atomic wx'ight of w^atcr it is obvious how 
greatly my degree wdll facilitate the calculation of electro- 
chemical decompositions. I may in this place adduce an 
illustration from electro-type engraving : here, if a galvano- 
meter graduated according to my scale were included in the 
circuit, it would only be necessary to multiply the degrees 
(33,2) of its indication by 32, the equivalent of copper, and 
this again by the time in hours during which the work has 
been cairied on, to obtain the weight of copper in grains 
which has been precipitated, and there would therefore he no 
occasion whatever to disturb the arrangement until calcula- 
tion had shewn that the proper quantity of copper was cast. 
For instance, in an experiment of my own, 1 caused two 
electrodes of copjter to terminate in^j solution of the sulphate 
slightly acidulated by sulphuiic acid. The negatfv e electrode, 
upon which of course the copper was deposited, cofisisted of 
a disc an inch and a half in diameter ; the positive, of a small 
coil of wire. A current of the mean quantity "^.415 was then 
passed through the apparatus for one liour and a quarter ; 
hence, according to the rule, *41 5X32X1*25= 16*6 gr. the 
weight of copper which should theoretically be deposited. 
The rcaZ quantity, well w^ashed and dried, was 15*6 gr. The 
deficiency of one grain was the evident consequence of the 
consumption of a part of the electricity in the decomposition 
of water ^ which was plainly indicated by a slight evolution of 
hydrogen at the negative pole. 

35. The galvanometer of ^hieh I made use in the last series 
of experiments* (14,) was connected with an apparatus fur- 
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nishecl with very fine platinum wires, Voltaic currents of a 
large variety of #intensities were then conducted through both 
instruments at ftnee, and at the end o9 one, two, or three 
minutes the circuit was broken, and the hydrogen measured 
in a graduated glass tube. The memi of ten trials, none 
of which dilFcred materially from the restj^ added to half its 
bulk of oxygen, then corrected for temperature, barometrical 
pressure and force of vapour, and reduced to w eight, gave 
•70 gr. of water decomposed in one hour by electricity indi- 
cated by each unit of rny, former quantity numbers ; hence 
11*8 of these last is equal to one degree (33,2) of my present 
scale. — The dimensions of the single coil of the above galvano- 
meter are 12 inches by (i, and the deviation of its needle for 
one degree (33,2) is 34 ^ of the graduated card. From these 
data it is easy to calculate w^ith consid(jrable accuracy the 
value of the indications of any similar iiifi>trurnent, bearing in 
mind that the olcctro-dynamic force produced by a constant 
quantity of electricity is directly as tlie number of coils and 
inversely as their linear dimensions. 

3G. Tlie quantities of electricity which were brought into 
play in the subsequent experiments, were frequently so great 
that the needle of my galvanometer (14) was brought to an 
almost rectangular position when subject to their influence. 
I have, therefore, devised a new' measurer, which 1 flatter 
myself will prove of greater service in some cases than the 
arrangement proposed for the same purpose by Mr. Ireinon- 
ger.* Fig. 1 , plate 4, is the plan of my instrument : c, c, is a rod 
of copper bent and fastened firmly to a strong wooden frame : 

is a magnetized cylindrical bar of steel, one foot long, and 
half an inch in diameter, supported slightly .above the centre of 
gravity, (like the ordinary balance beam,) by knife-edges rest- 
ing oil hj*,rd concave surfaces of steel ; a scale is attaclnwl to 
the nearer end of the magnet, for the purpose of receiving 
the weights by which the intensity of elcctgcity is measured. 
Lastly, r, r, is a rest, the under surface of which, the mag- 
net just touches when at zero. 

37. In using this apparatus, it is merely necessary to adjust 
the magnet to zero, either by means of screw- s, weights, or 
(perhaps the most convenient in practice) by the attraction or 
repulsion of a steel magnet kept for the purpose. Then, on 
making the necessary battery communications at c, c, the 
scale s will rise with a force estimated by the w eight, in grains, 
tenths, &c., which is requi^;ed to reduce it again to zero. In 
my instrument, I have found ttiat one degree (33,2) is indi- 
cated by .69 gr. 

• “Annals,** rol. iii, pp. 413, 414. 
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38. The value of Ihis new galvanometer, (the sensibility 

of which may be increased at pleasure by^multiplyiiig the 
number of coils,) besides its usefulness in me^asuriiig copious 
currents, consists chiefly in its perfect independence of the 
terrestrial, as well as tiny other ordinary magnetic influence. 
In every possible^ situation, provided that the intensity of 
the balance bar is constant, and that no interference is induced 
after the adjustment to zero, the transmitted current is ex- 
actly proportional to the wpight lifted by the scale, and I 
should have as much confidence in working with it on an iron 
steam-boat as if every particle of iron were removed entirely 
away. • 

39. I proceed now' to describe my electro-magnets, which 
I had occasion to construct of very different sizes in order to 
develope any curious circumstance which mightpresent itself. — 
A piece of cylitidrictil wrought iron, eight inches long, had a 
hole one inch in diameter, bored the whole length of Jts axis; 
one side was then planed until the hole w'as exposed sufficiently 
to separate the ‘‘poles” ^ of an inch. Another piece of 
iron, also eight inches long, w'as then planed, and being se- 
cured with its face in contact with the other planed suiface, 
the whole w'as turned into a cylinder eight inches long, three 
inches and three quarters in exterior, and one inch in interior, 
diameter. The larger piece was then covered with calico and 
wound wdthfour copper wires (covered w ith silk) each 23 feet 
long and 1-1 1th of an inch in diameter, a quantity which was 
just sufficient to hide the exterior surface and entirely to fill the 
inside hole. I shall perhaps be better understood on reference 
to plate 4, fig. 2, where is the “ horse shoe” on w hich I have 
drawn some lincs*to illustrate the {position of the conducting 
wire, ti, is the armature and s, s, &c., are screws with eye 
holes for the purpose of suspension. This elcctro-n*agnet is 
designated ^^o. 1, and the rest are numbered in the order of 
their description.* 

40. The iron which I used in the construction of a second 
was round,, and 2*7 in. long, and half an inch in diameter. 
It was bent into an almost semicircular shape, and covered with 
7 feet of w'cll insulated copper wire l-20th of an inch thick. 
The poles were half an inch asunder, and the wdre completely 
filled the space betw cen them. 

41. A third eloctro-magnet was made of a piece of iron, 
.7 of an inch long, .37 in. broad, and .15 of an inch thick. — 
Its edges were reduced to such an extent that its transverse 
section was a perfect ellipsis. This also was bent into a se- 
micircular shape ; and was covered with 19 inches of silked 
copper wire, one-fortieth of an inch in diameter. 
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42. Anxious to procure a still large 
might, from its cftttreme minuteness, be termed an dementary 
declro-magnei^ It was the smallest I believe ever constructed; 
and consisted of a piece of good iron^Mjire, one quarter of an 
inch long and l-25th of an inch in diameter. It was bent 
into a semicircle, and was covered by three turns of uninsu- 
lated copper wire l-40th of an inch in diameter. 

43. I’he system of levers wdiich was used in part of the 
subsequent experiments was foun^ to be so convenient that I 
am induced to describe it "in this place, although it may not 
involve any thing essentially new. — In fig. 2. ft, ft, ft, ft, are 
beams of ash,, three inches square and ten feet long, streng- 
thened by strong iron plating. These are fastened together 
in pairs, by boards nailed to their upper sides. L /, arc move- 
able iron bearings, and/, is the fulcrum, also moveable, and 
armed with iron ; tr, w, are strong pieces of Wood which bear 
upon the levers and carry the liooks which are affixed to the 
electro-magnet No. 1, and its armature. — I subjoin some of 
the results obtained by this apparatus. The first column con- 
tains degrees of current electricity (33,2). The second gives 
the products of the numbers in the first column and the length 
in feet of wire wrapped round the magnet ; it contains there- 
fore, degrees of electric force (33,3). Lastly, the fourth ex- 
presses the weight carried in pounds avordupois. 

TABLE I. • 

Electro-magnet, Ko, 1. (39)— Weight of iron, L!>lbs; length of wire, 23 feet. 

Electricity. Elec, force. <lo. (corrected.) Lifting power. 


".8... 

18°.4.... 

... 6.5.... 

2.75 

1.8... 

41.4.... 

...14.4.... 

....f..l0 

2.<)... 

59.8.... 

...21 

23 

3.8... 

87.4.... 

...31 

45 

8.1... 

....186 .... 

...65...... 

238 

10.9... 

....250 .... 

...88 

540 

4.3... 

.... 99.3.... 


670 

5.7... 

..'..132.5.... 


890 . 

8.6... 

....198.7.... 


....1060 

14.4... 

....331 ... 


....1400 

21.6... 

....497 .... 


....1800 

36 ... 

,....828 .... 


....2030 


44. On one occasion the power necessary to break contact 
was 2090 lbs. or nearly nineteen hundred weighty which is I 
believe a greater weight than any magnet has hitherto carried, 
and is certainly vastly superior to the performance of any of 
the same weight ; and I can shew (45. 50.) that this power 
great as it is, is not so much as is due to its peculiar shape. 
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45. The latter part of the above table was^obtained experi- 
mentally before th^ first part, and in the'^mean time the 
proper insulation of the coils from the iron was destroyed by 
an accident, and not ;iiaving the opportunity of refitting the 
electro-magnet, I have been obliged to supply the corrections 
of elcctric-force Seen in the third column and cflculated on 
the basis of the power obtained when the insulation was good. 
I ciiTi place great confidence in these corrections, but must 
confess that I cannot givoithat w hich I suspect to be neces- 
sary in (44), I have therefore relafed that experiment without 
mentioning the electric force. As however this uncertainty 
will not mattn-ially affect the subsequent observations, and 
only induces the suspicion that the maximum power of this 
electro-magnet is not yet attained, I have thought it best to 
relate that experiment (44) in the absence of the more com- 
plete data whicli 1 hope to advance in my next communication . 

TABLE II. 

Eicctro-magnct, ATo. 2, (”40.^ Weight 1057 gr. ; length of wire 7 ft. 

Electricity. Electric-force. Weight carried. 

°-51 3^-57 20 

1-53 10-7 38-5 

6-1 42-7 49 

• TABLE ITI. 

Electro-magnet, No. 3, (41.) Weight 6.5-3 gr . ; length of mire 1-58 ft. 

°-42 ”'66 5-5 

1- 0 1-58 9 

2- 0 3-16 11 

46. With great care this small electro-magnet supported 
in one instance twelve pounds, or 1286 times its own weight. 

47. No. 4, (4^.) the w eight of which was only half a grain, 
carried in one instance 1417 grains, or 2834 times its own 
weight. 

48. It re’quired great patience to work with an arrange- 

ment so minute as this last, and it is on this account that 
the above weight is not nearly so great as it onght to have 
been, the relative power however which I obtained with it is 
far greater than any that I had hitherto seen, and is more 
than eleven times that of the celebrated steel magnet of Sir 
Isaac Newton. . 

49. It is well known'that tHb steel magnet should necessarily 
have a much greater length than breadth or thickness, and 
that the contrary shape is attended by tlie confusion of the 
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E oles and a general diminution of virti^, and Mr. Scoresby 
as found that if# a large number of straight steel magnets are 
bundled togetlftjr, the power of each trhen separated and 
examined is greatly deteriorated.* AU this is easily under- 
stood, and finds its cause in the attempt of each part of the 
system to induce upon the other part a contrary magnetism to 
its own. Still there is no reason why the principle should be 
extended from the common to the electro magnet, especially as 
in the latter case a great and commanding inductive power is 
brought into play to sustaiif, what* the former has to support 
by its own unassisted retentive property. All the preceding 
experiments support this position and I sha^l give a table in 
proof of its obvious and necessary consequence, — that the 
maximum power of the electro-magnet is directly proportional 
to its least transverse sectional area. The first column con- 
tains the least sectional areas in square inches of the whole 
magnetic circuits. The maximum powers in pounds avoirdu- 
pois arc recorded in the second ; and these reduced to one 
square inch constitute the third, under the title of specific 
powers. 

TABLE IV. 


Least Sec Area. Max. Power. Spec. Power, 


My own £lcctro>magncts. 


Electro-Mapnot. at the “ Man- 
chester Victona G allcry,’ ' mtule 
by Mr. Ncsbit; lerigtli ai'ound 
the curve uliout tlii'ce feet ; dia- 
moticr of iron inches ; sec- 
tional area, .0.7 inches ; do. of 
armature, 4.5; weight of iron, 
about .OOlbs. • 

Prof. Henry’s+, of iron, 2-mch't 
square; ii^lPharp edges round- 
hd; wtiight 211b8.; leuglh 20 i 
inches round the curve. 

Mr Sturgeon’s (one of the first 
exhibited in Uils counti-y) ; 
length about one foot ; diaiuc- 
tei half on inch. 


CNo. 

)No. 

iNo. 

(No. 

( 

S . 


} 


10 

2090 

209 

0.196.. 

... 49 

. 250 

0.0436 

... 12 

. 275 

0.0012 

... 0.202 

162 


4.5.... 1428 317 


3.94...750 .... 

.... 190 

.196... 50 .... 

.... 255 


50. These results arc, I think, sufficient to prove the rule, 
if we make an allowance for various sources of error. No. 1, 
is unfortunately made of a piece of unsound iron, and more- 
over is suspected not to have been saturated (45.), otherwise 
I have no doul^t that its power per square inch would have 
approached 300, or, that. the whole would have been 6 or 7 
hundred weight greater. Again, the specific power of No. 4, 


* MaLipietical Investigations, pp. 97, 38. 
t Silliman’s Journal, vol. xix. p. 404. 

VoL. V. — No, 27, September^ 1840. 2 B. 
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i« smaller than the mean simply because of the extreme diffi- 
culty of making a good experiment with it (48.). With 
regard to Mr. WesbJc’s electro-magnet* the bittery used was 
so powerful ( 19 of Paniell’s two feet cells) and the quan- 

tity of conducting wi?^ so very large (14 lengths of wire each 
70 feet long and ^out 1-1 4th of an inch thick), thaUts magne- 
tism must have been brought to the utmost possible pitch of 
intensity, which therefore excelled the mean. On the other 
hand Professor Henry’s for the opposite reason exhibits a 
specific power much below tfie mcan.t 

51. The mean of the specific powders of No 2, No. 3, and 
of that at the ‘J Royal Victoria Gallery” may I think be 
fairly taken for the expression of the maximum magnetic force 
of iron under ordinary circumstances, which is simply stated 
by the formula a7=:280a where a is the least sectional area in 
square inches of thd magnetic circuit (49.). 

52. Since the element of length has no place in the above 
formula and has in fact only a secondary influence playing the 
part of an active resistance (55) which it requires a large addi- 
tional force to overcome ; it is obvious that in the direct ratio of 
its reduction, will the attractions relative to weight of iron in- 
crease. Hence the large power, in this respect, of my short 
electro-magnets. Hence, also, I have no doubt that a rela- 
tive power of 10,000 might be attained, and by increasing 
the sectional area and at the same time diminishing the length, 
or, what is the same thing and indeed the only means of its 
performance, by increasing the length and diminishing the 
diameter of the cylinder (39) of No. 1, that a single pound 
weight of iron might be made to carry 2 or 3 tons. 

53. All this cerroborates what i have before statedj with 
regard to the proper construction of the electro magnet for 
lifting purposes, and H is well illustrated by fig. 4, of plate xi. 
in the “ Annals” for last April : if, in that figure, the line 
between b and c- (which has been omitted by the engraver) be 
drawn, it will be evident that in the case of saturation when 
the magnets A^^and B are brought into contact, the oblique 
forces will vanish, and the^^ttraction will consequently exist 
in the simple ratio of the smalljest number of magnetic particles 
opposed to each other. 

* I have had the pleasure of seeing another electro-magnet of this gentlt 
man's construction. It is short and wick, and consequently adapted for iih- 
Ing a large proportional 'weight. 

f Ills coils consisted of nine lengths of copper bell wire, each 60 feet long. 
The battery consisted of a single pair, which was certainly not sufficiently 
intense to overcome the resistance of the wire, so as adequately to effect the 
aaturation of the iron. 

i « Annals** vol.iv.p. 60. 
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64. With respect to the magnetizing coils, I may observe 
that each particle of space through which a certain quantity 
of electricity is*propagated appears to operate in moving the 
magnetism of the bar with a force proportionate to the in- 
verse square of its disCknce from the sufface of the iron, and^ 
that when ihe tension or specific magnetism- is the same, the 
thickness of iron on which that particle of conducting space 
acts, has nothing (apart from resistance and other foreign cir- 
cumstances) to do with the whqle effect. Now it may be 
mathematically demonstrate that, such being the law ; if each 
particle induce upon a large surjace^ the resulting magnetic 
force will not vary much with the distance, but be a very 
constant quantity for any distance which bears a small ratio to 
the dimensions of that surface. Hence it is that a coil within a 
hollow piece of iron has no power to monetize it in that 
case its energy is directed in equal quantities towards opposite 
directions, the nearness of one surface exactly counterbalanc- 
ing the size of its opposite. And hence also in the case of my 
large electro-magnet, where the surfaces are large, every par- 
ticle of conducting wire would perform its full extent of duty 
even if it were not quite close to the iron. 

55. When the interferences arising from tension are reduced 
to a minimum by completing the magnetic circuit and making 
use of a very small electric force, (33,3) the resistance from 
length becomes a very sensible quantity, t varying probably 
in the direct ratio of that element. Some idea of its charac- 
ter may be formed from the following table, where 1 have 
compared half the maximum powers of each electro-magnet 
with the electric forces (33,3) that produced them ; and, by 
dividing the former by thejatter, I have a third column which, 
under the title of specific power ^ contains the quantity of lift- 
ing powes (of that degree of tension) due to an unit of elec- 
tric force. 

TABLE V. • 

Elec, forces. ^ max. power. Specific power. 

No. 1. 200^ loeoibs 5.31bs. 

No. 2. 4.5 25 5.5 

No. 3. .66 5.5 9.2 

56. The electric force against No. 2 is rather larger than 
the truth, on account of the greater relative distance of its 
coils from the iron : if weii make on this account a slight ad- 
^tion to its specific power ^ we shall find that the results are 
in character with the observations in 54, 55, and that the 

• “ Scientific Memoirs,” Part V. p. 14. 

t “ Annals,” yol. iv. p. 59. 
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specific powers are the same for each, after albwance has 
been made for the resistance of length. « 

57. It is well known that when the galVanic circuit is 
broken, the armature,is retained in its place with very consi- 
derable force. I waff anxious to try the capability of my cy- 
Under, No. 1, in. this respect, and have arrangecUmy results 
in a table, the first column of which contains the degrees 
(33,3) which were cut off ; the second, the lifting powers due 
to these quantities of electricity; and the third, the power 
left after the current was broken. , 



TABLE VI. 


lillec. force. 

lifting power. 

retentive power. 

SRo •••• 


33 

29 .... 

40 .... 

.... 16 

14.5*.., 


10 


58. There is considerable difficulty in making a good expe- 
riment with so powerful an electro>magnet as No. 1, when 
very small forces are measured. Nevertheless it is certainly 
the case that the retentive is very nearly equal to the lifting 
power with small quantities of electricity. Another curious 
circumstance presents itself in the very inferior retentive power 
of my electro magnet compared with those of considerable 
length. It is the natural consequence of its peculiar shape 

(49). . 

59. When the whole current is not cut off, but merely re- 
duced by the interposition of a bad conductor, a surprising 
quantity of magnetism may be supported by a very small 
electric force. I subjected No 1 to 90° (33,3) a quantity ade- 
quate to bring it% power up to hfifybs., and then reduced the 
electricity to different degrees of intensity. H«re are the re- 
sults. The first column coutains the degrees of elqptric force 
(33,3) to which the superior current of 90° was reduced ; the 
second expresses the weight whic,h is simply due to those 
quantities; and the third gives the lifting power which the 
same quantities could support. 

TABLE VII. 


Elec, force. 

Lifting power. 

Supported po 

31° ... 

461b8. ... 

2941bs 

21 ... 

23 .... 

210 

14.5 ... 

10 .... 


6.2 ... 

26 .t... 

63 

4.1 ... 


56 


60. A batteiy of the size of a common thimble is quite suf- 
ficient to produce 31° of electric force, and consequently 
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to sustain a magnetic power of about 300 pounds, and it is 
easy to perceive that, by increasing the size of the electro- 
magnet and th6 quantity of its conducting wire, the same 
minute source could support a magnetic virtue of an indefinite 
amount. \ 

61. I must now conclude my remarks for the present. I 
intend, however, shortly to construct an instrument of a still 
larger amount, both of absolute and relative power, than that 
described in 39 ; and I will only add that the form I have 
now given to the electro-magnet fe the only one which will 
permit an unlimited increase of size without diminution of 
relative power. 

Note on Voltaic Batteries. 

62. Having had occasion about a year ago to construct a 
battery of great intensity, it became a great object with me 
to devise such an arrangement of the elements as should be 
both convenient in use, and when destroyed, easily refitted. 
Aftir trying and rejecting two or three systems, I succeeded 
in producing one which answered my immediate purpose very 
w^ell ; but as I was aware that experience was the only strict 
test of its value, I have hitherto refrained from presenting it 
to public notice. Now, however, that I have worked with it 
during nine or ten months, and have found it to possess every 
quality that can be desired ; I hope in describing it to give 
the same facilities to others which I possess myself.* 

63. I have represented a series of three elements in fig. 3. 
A, B, is the common divided Wollaston’s trough with the 
front side removed in order to shew the inside. The black 
lines within the cells are rectangular pieces of strong sheet 
copper, benj on a gang? to the shape s^en in the figure. 
Within these, z, c, z, represent plates of sheet zinc amalga- 
mated ill those parts which are in contact with the dilute 
sulphuric acid, with which I always charge my batteries, and 
fixed in their places by pieces of hard wodfl furnished w'ith 
grooves and extending the whole breadth of the zinc. Lastly, 
a, a, a, a, a, are pieces of square wood with holes in their 
centres to admit the screw bolt Sy Sy which secures the whole. 

64. When the battery is worn out, empty its trough and 
place it therein ; then unscrew the bolt and remove it and 
the pieces of wood ; change the old zinc plates for new ones, 
taking care in the mean time to see that those parts of the 
copper which touch the* zinc are bright; then replace the 
pieces of wood a, a, &c. pass*the bolt through their centres and 
screw the whole tightly together. In this w ay I can easily refit 
three batteries, each consisting of ten pairs, (including the 
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amalgamation of fresh zinc plates,) in three quarters of an 
hour. • % 

65. Of course Mr. Smee’s battery may Ije conveniently 
fitted up on my plan. I prefer however for ordinary use an 
electro-negative elenLent of sheet iron before either copper or 
platinized silver.^ In using sheet iron it is welLto tm that 
part which is to touch the zinc in order to keep its surface 
bright. 

66. I have lately constructed a large battery on Mr. 
Sturgeon’s plan, and from fny exjjerience with it I am con- 
vinced that it presents ''a very superior arrangement of voltaic 
elements. It consists of eleven cast iron cells each one foot 
square, and 1^* in. in interior diameter. With eight pairs, 
arranged in a series of four, I can raise to a full red heat 18 
inches of copper wire one tenth of an incli thick. 

Broom Hill, near Manchester, 21st August, 1840. 


XXV. — Professor Van Kobell on a new kind of Electro- 
type Engraving^ hy which^ without the use of previously 
engraved plates^ impressions in the manner of Indian-ink 
Drawings are produced. — From the Gelehrte Anzeigen 
der k. buyer. AJkademie d. Wissensch. Nos. 88 and 89 — 
1840. 

It was the great and, indeed, remarkable advantages that 
practical science has already reaped from Jacobi’s application 
of the galvanic precipitation of copper that first induced me 
to make the following experiments, and which, to the best of 
my belief, are nejv.* ^ 

1 allude to the precipitation of a plate of copper into the 
surface of a painting or drawing in the indian-ink jpanner — 
the plate thus formed being capable of having impressions 
thrown off' froni it in the usual way. 

It was easy enough to see that if we could succeed in giv- 
ing the surface of the colour a conducting power, there 
might, of course, be formed on it a coating of copper whose 
minutest details would correspond with our drawing. The 
kind of drawing in question however, that is to say, sketching 
on a polished surface makes it necessary to work up the co- 
lours employed with some oily or resinous substance, and this 
does away with its conducting power. Neither can we apply 
a coat of black lead or other similar conducting substance, 

* Most of the plates used by our English calico printers, &c. &c. are, I un- 
derstand, now produced by galvanic precipitation.— Troraria/or. 
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inasmuch as the most delicate tints and shades of the draw- 
ing would sufler ffom the use of the brush. 

I, therefore, set about trying to throw down a coating of 
copper into a sketch made on a plate of silver without employ- 
ing any such expedients, for as the cofiper precipitated by 
this process is thrown down in a crystalline form, and the ag- 
gregation of individual crystals in pure malleable metals rea- 
dily assumes the forms of plates, (inasmuch as their tesseral 
forms, when in thin films, so unit^ together as to form such) 
it struck me that it would bQ a mere n^atter of time to cause 
depositions on non-conducting places when interspersed and 
surrounded with good conductors. 

The experiment bore out my expectations ; and drawings 
in wax, varnish, copying-ink, &c. itc, were covered with a 
deposit without any conducting power being imparted to 
them, and this not unfrequently in a very short time. I had 
frequently occasion to remark how little nodules of copper 
began forming at the centre of the non-conducting surface 
with which the lower plate was there entirely coated, these 
nodules gradually running into each other, and forming lines 
and threads by subsequent aggregation. As it always requires 
from four to five days to obtain a plate thick enough to print 
from, it is the less necessary to impart a conducting power to 
the colour for the most delicate shades, that is to say, the 
thinnest films of the paint are, for the most part, completely 
coated over by the second day, leaving but a few patches free, 
the closing up of which may be hastened by the application 
of a coat of good conducting black lead, laid on with a paint- 
brush, for the draw ing in the state in which it then is, is not 
injured by so doing. Before having thus*recourse to the 
brush, the plate is to be dried witli bibilous paper. 

With regard to the method of forming the picture we wfsh 
to copy, the first thing is, that it should be painted on a bright 
plate of silver or copper.* The painting is to be executed 
with a single colour, which should be laid on with the clammy 
oil used in painting on china, and wdiich is the residuum ol> 
tained fi-om the evaporation of oil of turpentine. By way of 
colour, we may use the red ochre of the porcelain painters. 
A solution of Demerara gum in oil of turpentine, duly thick- 
ened by an admixture of red ochre, mineral black, or some 


• Copper may be grounded with a coat of whiting, end on this, without 
difficulty, we may draw with a fine dbu, using a solution of sulpliurct of po- 
tassium (with the maximum of sulphur) by way of ink. The black lines 
thereby obtained may be removed while yet moist by w'ashing, the drawing 
being, nevertheless, visibly impressed on the copper, owing to a kind of cor- 
rosive action. 
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such substance, furnishes also a colour that is pleasant to 
work, and which dries rapidly. The colo&r is to be so ap- 
plied that the polished surface of the metal, Vhere left bare, 
gives the brightest lights, while those parts that are more or 
less coated furnish the shadows. It is right to observe, that 
it is noways necessary that the colour should be iaid on in a 
thick coat, on the contrary^ the more delicate and the finer is 
the execution of the drawing^ the sharper is its re-production 
in the copper-plate, and the sooner is uiis completed. 

The colour, when dry, should^adhere firmly to the plate, 
otherwise a thin film of copper, which nothing but nitric acid 
can remove, gets in beneath it. The surface of the colour is 
not, however, to be quite smooth ; it must be fine-grained, 
otherwise the copper-plate precipitated into it will not take 
the printing ink. 

In some of the fexperiments I mixed up formate of silver 
with the colour, and exposed the plate to a gentle heat. 
Conducting points of silver were thus generated on the sur- 
face, whereby the covering of the whole was hastened, but 
no such addition is, as before remarked, necessary. 

With regard to the precipitation of the copper, we may, 
for that purpose, use Jacobi's apparatus, or we may employ 
a copper trough with a parchment frame, an arrangement 
which Professor Steinheil — ^following up Daniell's plan— has 
introducfjd, or recourse may be had to Spencer’s arrangement. 

The employment of Jacobi’s arrangement has this disad- 
vantage, namely, that when the action has been going on for 
some time, the edges of the plate become too thick, forming 
rough borders, especially towards the corners ; besides, with- 
out frequently changing its position, the copper is not preci- 
pitated of equal thickness over the whole surface, and it 
retiuires a certain degree of practice to prevent jJie metal 
running out into lines and branches upon the plate. The use 
of the copper trough has, it is true, its advantages ; by fre- 
quent use, however, it becomes so coated with copper that it 
is necessary to give it a new bottom on acoount of the wavy 
form the Jold one assumes, besides there is more copper pre- 
cipitated by its use than the operation requires. The appara- 
tus that I have employed, and which I find answers the purpose 
very well, is composed of a flat-bottomed vessel of china or 
glass, and whose sides are two or three inches in height. 
A plate of copper is laid on the bottom of this vessel, having 
a strip of the same metal an inob and a half in width rivetted 
to it at right angles hy way of conductor. This metal band, 
with the exception of its upper end, is insulated throughout 
by a coat of wax. 
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The dimensions of this bottom plate must be such that it 
should project jabout half an inch all round the plate on which 
the drawing is made, the latter being placed thereon during 
the operation. At first I connected tjje conducting strip of 
metal directly with the painted plate, •but the edges of the 
plate thu^ obtained were too ragged, and this is avoided by 
the above modification of the apparatus. Above these plates, 
and resting upon feet about a quarter of an inch high, there 
is fixed a frame with parchmenj stretched across it, or, in 
other words, a tambourine. In this there are laid a couple 
of small glass rods, and on them a plate of amalgamated zinc, 
the metal being thereby prevented from coming into contact 
with the diaphragm. To establish the connexion, I make use 
of a copper plate somewhat smaller than the zinc plate, and 
resting on it, and furnished with a ribbon of copper about an 
inch tand a half wide. This strip of metal either dips down 
into a channel filled with <|uicksilver adapted to the strip in 
connexion with the lower plate, or the two bands are con- 
nected by a binding screws The employment of mercury, in 
making* the connexion, requires care, for if any of it gets 
thrown into the lower plate as it lies during the operation, a 
thing likely enough to occur in inserting or withdrawing these 
strips, there is formed an amalgam with the copper to the 
destruction of the plate. It does not answer equally well to 
employ a wire in lieu of the broad connecting strip of metal, 
for on doing so we find the precipitation considerably w eakened. 
The glass vessel up to the spot to which the frame when in- 
serted comes, is to be filled with a coneentrated solution of 
sulphate of copper, and water moderately acidulated with 
sulphuric acid is to be pomred on to tlio zin(»plato to the depth 
of a few lin^. To keep up the pre(:i])itating action of the 
fluid, CTj^stals of sulphate of copper should be scattered round 
the copper plate. From time to time I renewed the upper 
fluid, and replaced the zinc plate when ccfisiderably eaten 
away. Inconsiderable deposits of coi)per on the parchment 
may be scratched off, but if they increase to any extent, 
new^ membrane must bo used. Instead of such a tamboiiri.i , 
it may bo mentioned, we may cnjploy a trough of half-burnt 
clay, porous enough to allow of the percolation of the fluids, 
but in this case the precipitation is by no means so rapid. 

By follow ing the plan I have recommended, I have, in from 
four to six days, obtained plates four inches square, and above 
a line in thickness, and tolerably even throughout. VViien 
the surface is waved and uneven I withdraw the plate, and 
having dried it with bibulous paper, I file it dowm till it is of 
uniform thickness. I then replace it and allow the operation 
VoL. V. — No. 27, September^ 1840. 2 C 
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to proceed as before. Occasionally, also, 1 have covered 
particular spots with wax to allow others thi\ were lower to 
increase to the heiglA of the former, and the plate has then 
been filed smooth. It* is advisable to direct one’s attention 
from time to time to tfle thickness of the metal so as to turn 
round the thinnest edges of the plate under the pflrts of the 
diaphragm where the action is tne strongest. To endure a 
rapid and compact precipitation, it is above all things requisite 
that the solution of copper should be constantly maintained 
at the point of saturation. The bubbles of air that adhere to 
the plate on its first immersion may be removed with a camel- 
hair pencil. It is only at the commencement of the process, 
that is to say, till the picture is coated over, that the opera- 
tion demands our attention. 

When the plate h^s attained the desired thickness, the edge 
all the way round is to be filed away, upon which, generally 
speaking, the two plates separate without difficulty. To ren- 
der the plate we thus obtain fit for furnishing impressions, all 
we have to do is to clean off with aether any particles of colour 
adhering to it. 

The impressions have the appearance of Indian-ink draw- 
ings, and the tone of colouring is extremely delicate, a fact 
the painter ought not to overlook. 

1 think that the accompanying specimens will* bear me out 
in the idea that this modification of the electrotype process is 
the more deserving of the attention of artists as it enables 
them, and that without much previous knowledge on the sub- 
ject, to throw off copper-plate impressions of any sketch or 
picture. It need scarcely be remarked, that the graver may 
be subsequently applied to a platOA:;hus produced, supposing 
we wish to heighten the effect of any particulai^ part of the 
engraving. From what has been said, it will be iSeen that 
the process is by no means an expensive one. 

Translated by 

W. G. LETTSOM, Esq. 


* Wc have several beautiful specimens of printing from this style of 
electro-type, which were sent to us with this paper » also one electro-type 
plate, with the picture of a tree, from which we give a copy ip the electro-type 
plate.— E dit. 
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XXVL — On Jthe Analysis qf Limestones^ especially the 

Magnesian kind^ and a method of completely separating 

Lime from Magnesia^ when both 4 sre present in large 

quantity. By Robert £. RoGERsf M* D. and Martin 
H. Bote'.* 

Carbonate of lime, associated with more or less carbonate 
of magnesia, forms the principal ingredient of limestones. 
In some varieties the latter substance appears only as a trace, 
while in others, it amounts to nearly 50 per cent, of the 
mass. When the proportion of the carbonate of magnesia 
is very considerable, the rock is termed magnesian limestone, 
or dolomite, the latter name being mostly applied to the crys- 
talline varieties. Variable quantities of other substances, as 
silica, alumina, and the oxides of iron, and manganese, are 
generally associated to some extent with the above principal 
constituents. 

The Silica is usually either in the free state, in the form 
of small transparent grains of quartzose sand, sometimes im- 
palpably minute, or in chemical combination with the alumina 
andiron, (clays, &c.). 

The extensive use made of limestones in the arts and agri- 
culture, as mortars, cements, fluxes and manures, renders it 
a matter of great importance to procure a certain and expe- 
ditious process for their analysis, especially as tliere exists 
great (hversity of opinion respecting the relative efficiency 
of the several constituents. 

We proceed to describe a mode of analysing calcareous 
carbonates, which we have found in practicj3 both certain and 
expeditious,, and, therefore, preferable, we conceive, to the 
metliod^ generally in use, which demand extreme care and 
considerable time to furnish accurate results. The method 
hero proposed, w^e have adopted with success in an extensive 
series of analyses performed for the geological survey of the 
state. 

The limestone is first finely powdered, when a g*iven weight, 
about 30 grains, is digested in chlorohydric acid, in the ordinary 
way, evaporated to dryness, moistened with chlorohydric acid, 
and re-dissolved and filtered. The silica and a large part of the 
other adventitious substances are thus left upon the filter. They 
are then calcined and weighed, a correction being made for 
the weight of the ashes of fhe filter. These steps give the 
amolint of the insoluble matter. 

The filtered solution, containing besides the lime and mag- 
nesia, portions of alumine and oxides of iron and manganese, 

• 

* Journal of the Franklin Institute. 
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lime and other ingredients directly got from the weight of the 
mass, we subjoin the following example of a ^ecimen found 
to contain no magnesia. 

2. A white crystalliEe, imperfectly saccharoidal limestone, 
from near the mouth df Yellow Breeches Creek, Susquehana 
River, Pa. 

From one portion of the powdered mineral, treated with 
chlorohydric acid, we obtained 

Insoluble matter 2.3 per cent. 

Alumina 1.2 ,, 

Ox. of iron and manganese none 

Another portion treated with sulphuric acid and diluted al- 
cohol of the proper strength, gave 

Insoluble matter and sulph. lime.. 133.19 


Table for calculating lime and carbonate of lime from the 

mn rtnn a oi n nm ft n a 




1 

2 

Sulphate of lime 

Lime 

0.41532 

O.S3064 

Sulphate of lime 

Carbonate of lime 

0 73780 

0.47561 

Magnesia 

Carbonate of magnesia 

2.07002 

4 14004 

Sulphate of magnesia 

Magnesia 

0.34015 

0.G8030 


The first vertical column of the table contains the names 
of the substances, from a known weight of which we wish to 
compute the weight of the substances embraced in the second 
column. The figures in the horizontal lines represent the 
quantities of the substances nam^ in the second vertical co- 
lumn corresponding to those quantities of the substances in 
the first column, which are signified by the numbei^s at the 
head of each vertical division of the table. An example will 
render the modaiof using the table sufficiently plain. 

In the first analysis, die amount of sulphate of lime was 
76.05. To. ascertain from the table the quantity of carbonate 
of lime equivalent to this amount of sulphate, we find on the 
horizontal line appropriated to the carbonate, the quantity 
due to seven parts of the sulphate — ^namely, 5,16463, then 
the quantity due to six parts, namely, ^.42682, and then 
that equivalent to five parts or 3.68902. By arranging these 
in dieir proper decimal order, so to impart to the several 


* This tabic is taken partly from H. Rose’s Analytical Chemistir, vol. ii., 
and partly calculated for the present purpose. The principle of this method 
of calculating analytical results was first set forth by Poggendorf, in his An- 
nals, vol. xxi-, and has since been extensively carried out by H. Rose in his 
work just mentioned. 

f The Tabic in the middle is to be read through both pages.— E dit. 
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Subtracting the insoluble matter, 2.3, from the sulphate of 
lime and insolt^fe matter, we have sulphate of lime 130.89 
per cent., which is equivalent, as the I table will sbew^ to 
96.3 per cent, of carbonate of lime. • * 

The amo^t of water as derived fro& a third portion was 
0.2 per cdnt. Our analysis therefore stands thus : — 


Composition in 100 part^ — 

Carbonate of lime 96,3 

Carbonate of magnesia none 

Alumina 1.2 

Insoluble matter 1 2.3 

Water 0.2 


100.0 

sulphate of lime^ and also for calculating the carbonate of 


3 

4 

1 

6 

7 

8 

9 

1.24096 

1.66128 

2.07660| 

2.49102 

2.90724 

3 82256 

3.73788 

2.21341 

2.95121 

3.68902 

4.42682 

5.16462 

5.90242 

6.64023 

621006 

8.28009 

10.3501 ij 

12.42013 

1449015 

16.56017 

18.63019 

1.02045 

1.36060 

1.70075 

2.04009 

2.38105 

32.72120 

3.06135 


amounts taken from the table, the value they are intended to 
have as units, tenths, hundreths, &c., and then performing 
a simple addition, we get the amount of carbonate corres- 
ponding to the whole quantity of the sulphate. 

The figures will stand tJlps : — • 

Sulphate of lime 76.05 


51.6462 
4.42682 • 

.000000 

368902 

Carbonate of lime 56.1 099 1 02 

In the same manner, 20.55 of magnesia will be found to 
be equivalent to 42.54 of carbonate of magnesia — thus : — 
Magnesia 20.55 


41.400 

00.000 

1.035 

1.03 


Carbonate of magnesia 42.538 




SStfe Mn W. Snow H^trris’s Letter to Mr. W. Sturgeon. 

As -it be sometimes convenient to evq.porate the mag- 

nesian solution to dmess, ignite it, and fronvthe sulphate of 
magnesia thus procil^ed, compute the magnesia or its carbo- 
nate— we have mtroCMjfced into the table a column to facilitate 
the calculations. 


XXVII. — Extract of a Letter from W. Snow Harris, Esq. 
r.Ii.S., to Mr. W. Stmrgfteoii. 

The simplicity and convenience of my plan of fixed con- 
ductors haring been in the year 1820 generally admitted, the 
Navy Board were led to institute sonif^ further inquiries iiito 
the general effects of lightning on ship-board, and I was 
called uppn to sh(?w that the connexion of iny conductors 
with the sea through the metallic masses in the hull was in no 
way detrimental to tlicir action, or liable to objection as in- 
volving any danger to Jlie vessel — flic > electrical (hschai’ges 
might as safely become dispersed this way as by a lightning 
chain hung in the rigging, perhaps more so, considering that 
these conductors were massive and continuous, and linked 
with the various metallic masses in the hull and sea into one 
general whole. 

I was further ctdled upon to explain what had heen the or- 
dinary course of lightning on ship-board, and what would, in 
all probability be the effects of electrical discharges upon my 
conductors. 

In order to meet the views of the officers of the Board, as 
made known to mf Jit that time, I naturally enough resorted 
to such practical experiments and!*^6bsen ations a§ were within 
my reach, and calculated to bear immediately upon the points 
in question : I cited numerous instances of sliijis struck by 
lightning, in ’flji^ch lieavy discharges had b(;en safely trans- 
mitted to the sea tlirough the intervention of the keelson bolts 
and other metallic bodies passing through the hull, and which 
were she^m to have been of such firequent occurrence as to lead 
to a common observation among sailors, recorded in the Phi- 
losophical Transactions, that when the lightning had reached 
the well the danger was over. By way of shewing the opera- 
tion of my conductors through the hull^ T*resorted to the ex- 
periment you first loosely notice — stropg charges from twenty- 
five square feet of coated glass were passed over a vessel’s 
masts, fitted with the conductors, so as to shew the perfect 
facility with which the charge pervaded the hull and the sea 
at the same time : the charge was adequate to the fusion of 15 
feet of small iron wire — ^percussion powder was. placed o\er 
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the joints of the conductors on the mast, and the sliding nifists 
were put in mo^oh' at the time of the passing of the charge, 
and placed in diifer^t positions at each appetition of the ex- 
periment. I believe, any one must pev^ive, that the experi- 
ment shewed — 1st, The perfect operation of the conductor 
through the hull. 2nd, Its continuity. Brd, Its complete 
operation, imder eveiy possible position of the mast, which 
was required to be done. . ” 

You, however, shut your eyes Jo these plain deductions, 
and tell your readers tha^ the experiments prove nothing 
])eculiar to my system of conductors, and sen e only to 
shew that copper is a conductor of electricity, and that 
detonating powder can be ignited by an . electric spark ; 
and this is what you call giving a fair and candid ex- 
planation of my experiments before tlje Navy Board at 
Plymouth.” Now, I never asseilcd that any other conductor 
would not convey an electrical charge to the sea. My expe* 
riments were never instituted under siich an impression: they 
shewed, however, the continuity of the copper plates along 
the masts in the way I had disposed them ; ibr had detonating 
powder been placed in a similar way about the conductors then 
in usCy it would have inflamed, if exposed to a similar charge, 
'fhese experiments were subsequently carried out in die 
Thames, opposite Somerset House, and again at Plymouth, 
on a very extensive scale, and in various sliips of ihe navy, 
and were admitted by all w'ho witnessed them to have an im- 
portant bearing on the question of marine lightning conductors. 

You inquire, whether you have not pointed out other expe- 
riments ivitli which I ought to have made the Navy Board 
acquainted? Do you, then,*^eally imagine* that the simple 
facts to which«you allude, and wliich are known to every tyro 
in electricity, were not also well knowm to the officers of the 
Board ? 

Arc you serious, when you say, I ought to hhf e shewn the 
officers that a wire heated ked-hot by electricity would ignite 
gunpowder ? and that an inteini})tion in the conductor, by a 
cut of a saw, would cause an electric spark in the opening ? 
However ignorant you may suppose the officers of the Board 
to have been of this subject, diey certainly understood die 
matter tery much butter than you appear to do ; they did not 
require such hom-book information : diey entered very fully 
into the merits of the question, and left no point unexplored. 
They required of me information respecting the relative con- 
ducting powers of different metals ; their respective resistance 
to ftision by electricity ; the ratio in which they became heated 
either by the same or different quantities of electricity ; th^ 
VoL. V. — No.* 27, September, 1840. 2 D 
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quantity required to heat wires of different diameters to the 
same degree, &c. &c. Experiments for the perfect elucida- 
tion of Wliich, in mating their views, I w;as obliged to invent 
new electrical apparaj^, and exhibit the results in a way not 
before done. ^ 

I come now to the experiment you have characterised as 
shewing nothing more than the effects of gunpowder blowing 
asunder two pieces of wood.” This experiment was made to 
meet the inquiries of the Hoard as to the effect of a conductor 
incoi-porated with the mast, "in conjfimny the discharye to its 
sitrface^ and preventing it from enteriny the wood. 

My first illustrations were confined to small models about 
four or six inches in length, which could be splintered by the 
force of a heavy batteiy, and sared from damage by the aj)pli- 
cation of metallic leaf along the siirfiice ; but being desirous 
to exhibit , the samfi result on a largtT scale, and shew how 
completely the surface conductor directed the charge without 
entering the interior, I tried the experiment under new and 
very delicate circumstances. A model of a mast, about ten 
feet in length, was made in parts, and an interrupted line of 
metal passed throvyh it, percussion powder being placed in 
the interruptions ; a continuous i;onductor was attached to its 
exterior^ and both connected at a common point of junction 
outside the model, so as to give the electrical shock the choice 
of passing in the direction of either or both. In no case did 
the heaviest explosion enter the mast whilst the exterior con- 
ductor remained. In fact, it was safe both from a direct, and 
what you call a “lateral discharge.” This result being first 
exhibited, the superficial conductor was removed, and a simi- 
lar charge passed order to shew by the explosion of the 
powder within, that the reason iSTils failing to explode in the 
fonner case, was owing to the presence of the extexior con- 
ductor. 

Now this r(3jviJt, bearing so directly on the application of 
conductors to the masts, and which (ivery one will, I imagine, 
deem concljLisive and fair, you briefly carric<ature as the “ blow- 
ing asunder two pieces of wood by gunpowder and accuse 
me of endeavouring to persuade the British Association that it 
is a “ fair representation of the effects of lightning on a ship’s 
mast and this you call also an “ explanation^^ of my ex- 
periments, I can only account for such gross misrepresenta- 
tion by supposing vrhat, I believe, is after all, not far from 
the truth, that you are really tyngraui of the subject on which 
you have attc'inpted to write. 

Thus in sec. 202 of your memoir, you say, “this kind of 
lateral discharge will always take place when the vicinal bodies 
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are sufficiently capacious and near to the principal conductor 
which carries tke primitive discharge, or to any of its metallic 
appendages r and in sec.. 198 and 199 Jou say, that with a 
small jar of a quart capacity only, fja can produce lateral 
discharge;^, half-inch long, and at a distance of 50 feet from 
the direct discharge. That a dischai-ge from such a would 
IMITATE a flash of lightning striking a similar conductor on a 
mast.” In my experiment, which you so much abuse, we 
have actually all the conditions you yourself point out as es- 
sential to the exhibition of •your own results, supposing them 
to be according to the coiusc of natiue. How then does it 
happen that we can pass the heaviest “prinfltive discharges” 
along the exterior conductor without in any way effecting the 
detonating powder within ? If what you say be true, the 
model sliould be blown asunder in consequence of the dis- 
charge passing down the exterior conductor. However much, 
therefore, you may choose to detract from this experiment, it 
is by your own admission consistent with the course of nature. 
What would you have more ? 

These experiments, to which you have alluded, form only 
a part of those originally employed — ^therc were a groat variety 
of others, such as the dis])ersions of strips of leaf gold in cer- 
tain directions only, when plained in the same relative position 
as the conductor on the mast — ^the expansive eflocts of the 
charge on various bodies — fusion of wires, and such lik(\ lii 
short, the scries was as complete as could be desired : the ex- 
periments w ere examined by a Committee of the Royal Society, 
by Sir Humphry Davy, Dr. Young, and Dr. Wollaston ; the 
latter entered minutely into the matter, and in a letter to the 
Comiitroller of the Navy, tlieth his uftqualified approba- 
tion. I suppose Dr. WollasioiCs judgment will he considered, 
at leasf equal to your own. 

You will excuse my cntoruig into the detail of my kite ox- 
periments. Having been for the last ten yeSik an observer of 
atmospheric electricity, and having liad an atmospheric con- 
ductor leading into my study, it would be remarkable, indeed, 
if I had allow^ed the common electrical kite to have escaped me. 

Do you wish “ to persuade yourself” into a belief that your 
occasional amusement with this piece of philosophical appa- 
ratus entitles you to become a philosoi>hical dictator ? 

With whatever self-complacency you may regtvrd your em- 
ployment of the Idtc, thd effects you mention are very common- 
place^ and are as distinct from the cflects of a concentrated 
flash of lightning striking a ship, in the way described by 
Lieutenant Sullivan, of the " Beagle,” as it is possible to be. 

You ask pic to what kind of electrical action I attribute the 
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buxating of the hoops in the "Rodney,” &c. To no electri- 
cal action at all, properly so called ; bu^ jis Priestly has 
e3ready shewn, to the effects of sudden expansion. He says, 

the cause of this aspersion, &c. &c. of bodies in the neigh’- 
hourhood of electric^ explosions is not their being suddenly 
charged with eleptrical matter, but the air being^ displaced 
suddenly, gives a concussion to all bodies that may happen 
to be near.” Did you never see such effects illustrated by ar- 
tificial electricity ? Why, ^ven children who use an electrical 
machine as a toy, are acquainted ^th the propulsion of a small 
ball from an ivory mortar, by the expansive force in the sur- 
rounding air caused by a dense spark. Surely, the experi- 
ments ^tailed by Cuthbcrtson, to shew the bursting open of 
wood and other bodies, by the expansive effects of the elec- 
trical explosion, must be known to you. 

One ^ould almost imagine by your putting such a question, 
that you were really uninformed upon some of the commonest 
experiments in electricity. 

Your question, whether I think it " more prudent to lead 
lightning into a ship or keep it out,” is a plain piece of sophis- 
try. If meant as an ^gument against my method of equalizing 
the electrical action upon the general mass of the hull and 
sea, is as deficient as any thing can be. It is, like many other 
similajT efforts in your memoir, a deceptive and sorry appeal 
to the feq^rs and prejudices of the igi ? oeant , by imposing 
upon their credulity, and leading Ihem to imagine iliat my 
conductors lead lightning in an explosive form into the ship, 
and deposit it there as so much cargo, than which nothing 
can be more fallacious : almost every one acquainted with elec- 
tricity knows, that the gre^t use lightning conductor is to 
equalize, in a rapid way, dense" electrical discharges, and so 
rob them of their explosive power by taking down their ten- 
sion. 

So far, therefore, from my conductors leading lightning into 
the ship in the way you would have it supposed^ they virtually 
come under. the prudent part” of your question, and keep 
off the explosion . altogether, by depriving the charge of its 
mischievous tendency directly it strikes any where upon tlie 
conductors aloft. Now, it should never be forgotten as an 
important feature in this discussion, that whenever we set 
set up an artificial elevation on the earth's surface we do, in 
fact, set up a conductor of electricity^ that is to say, a light- 
ning conductor. -The mcLSts, themselves, therefore, are already 
lighttdng conductors, passing necessarily into the body of the 
vessel, and upon these discharges of lightning will fall, whe- 
ther detached metallic bodies be present or not, or whether 
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Ibey be furnished with metallic conductors or not: this is 
proved by experience* The mast of a ship from its position 
alone, necessarily determines a discharge of lightning upon 
the hull. Now, by perfecting the coitdlcting power of the 
masts, and connecting them with all the metallic masses in 
ihe hull and with the sea, wc so complete* the conducting 
power of the whole, that an instantaneous distribution takes 
place in all directions, directly the explosion strikes the mast 
head, and the electricity is chwged immediately, from a dense 
form, into electricity of comparatively little tension. 

Now with respect to the actual results of the trials of my 
conductors. Ilave not tliese conductors, been tried in 12 
ships of the na\y for as many years ? have not tliese ships 
been in all parts of the -world ? have they not all been exposed 
more or less, to severe storms of lightning i 

Po not some of the officers who commanded them, and 
others, experienced men, i?mst on the /act of their ships 
having been struck by lightning in the usual way without darn- 
age 9 .Convinced of tlie protection my conductors afford, 
have not the captains of ships fitting for service, repeatedly 
applied to the Lords of the admiralty to be funished with them ? 
Can you point out any imtance^ in which inconvenience or 
damage has arisen in these ships during this lapse of time ? 
Tlie main argument of your queston, therefore, is really 
answered by the results of experience ; if you havfe not any 
good fact to o^ipose to these, of w'hat avail is any theoretical ob- 
jection to the use of my conductors you may find it convenient 
to set up. It must be quite apparent, that my method of de- 
fending shipping from lightning is based on admitted princi- 
ples in science^ and is, con^^ently*, as free from theoretical 
objection as Any other method. A lightning rod as a defence 
from liglttning, is, under any form, nothing but a means of 
rendering more efficient the conducting powder of the general 
mass — so as to admit of such intense discharges being readily 
dispersed, which would otherwise by causing an explosive 
expansive force, produce damage. 

According to the Experiments of the learned Mr. Cavendish, 
the chances of escape from Lightning is in this way, increased 
by at least four hundred million to one, even with a conductor 
of iron. 

The letter in your Annals, sighed W. Pringle Green, is 
really not worth my notice'. His ridiculous queries have been 
so often before the public so often answered, that I cannot 
really notice them again. I must decline all intercourse with 
him in the shape of correspondence, and for this plain reason 
— I caunot pjace the slightest confidence in any thing he 
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advances. But, lest I should be thought harsh in making this 
assertion without apparent truth, 1 will give sPfew examples of 
his respeejt for acc^^y, and I will leave it even to your “can- 
dour” to say how mil am right. 

1st. In the Mechanic’s Magazine, vol. VIII, page 286, vjid 
in other places, Lieutenant Green states that the conductor of 
St. Paul’s Cathedral, the largest ever put up , was, by a moderate 
flash of lightning, heated red hot^ and therefore judiciously 
removed as dangerous and useless. 

That the conductors of St. Paul’s church have been removed 
is a most shameless assertion. Neither have we good evidence 
for supposing it" to have been xm.de red hot — ^this I have shewn 
in my papers in the Nautical Magazine — at all events, if it 
had been, it could not have been from a moderate stroke of 
lightning, as stated by Mr. Green. 

2nd. In the Mechanics’ Magazine, vol. viii. page 13, and 
in a variety of other places, such as the public newspapers — 
in a pamphlet by liimself, Lieutenant Green states, H. M. Ship 
“Kent’^ and “Perseverance” were struck by lightning and 
damaged, although having conductors at the lime. In the 
“Kent,” he says, three men were killed and several wounded, 
and the masts much damaged. At this time, he says, “ two 
conductors were up, and there were more than 20 sail of H.M, 
Ships in company, and near the Kent, without conductors, 
none of '‘which were injured^ Not finding a word about the 
conductors in the ship’s log, I remonstrated with Lieutenant 
Green on the subject, when he again repeated the assertion at 
page 287, where he says, that he named the captains of the 
ships, and that “ more than one hundred officers and a thou- 
sand seamen witnessed fft’e faci;;*** 

The subject having been investigated by the Admiralty Com- 
mitted, it appeared by letters from Captain Godffey of the 
navy, and Admiral Cordon, the former in the “ Kent” at the 
time, the latter in the “Perseverance,” that these statements 
made by Lieutenant Gr^n are utterly unfounded. Captain 
Godfrey says, that the Kent usually had the conductors up ; 
but having been damaged, they had been laid aside. Admiral 
Cordon, who was in the Perseverance, also affirms, that they 
had not a conductor in the ship. Lieutenant Green talks 
of “ imposing gross deceptions on the naval service and the 
public.” Pray, what does he call this ? 

3rd. In his letter in your last^Number, page 230, he refers 
to the Naval Chronicle, vol i. page 201, as endence to shew, 
that my plan has been copied from Mr. Marrot. Now in the 
^rst place, there is no mention made there of any such person ; 
and secondly, the memoir to be found there by jthe celebrated 
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Frenchman Le Roy, docs not contain one word about lightning 
conductors fixed in the masts. 

4th. In die same letter, and the same page 330, Lieutenant 
Green says, “by my representation ofthes^ facts, the existing 
Board of Admiralty, coimtermanded th^^avy Board’s order, 
&c.” In ojher places e. g. in his pamphlet above-mentioned, 
in the Mechanics’ Magazine, 238, be takes credit to himself 
for having through his influence with the Board of Admiralty, 
caused my plan to be laid aside. In order to a^ertain if such 
were really the case, I wrote^ latdy an official letter to the 
Board, referring to Lieutenant Green’s assertion in j our work, 
and in other places. The following is the copy of the letter 
received in reply : — 

Admiralty, 6th March, 1840. 

Sir, — In reply to your letter of the 3rd instant, I am com- 
manded by the Lords, Commissioners of the Admimhy, to 
acquaint you that it do(^ not appe^ar by the records of this 
office, that their Lordships were in any way induced to lay 
aside your lightning conductors, by any representatioMS ,of 
Lieutenant (ireen, or any other persons, and tliat that officer 
is not authorized to make such statements.'^ 

I am, sir, your humble sen ant, 

W. SNOW HARRIS, Esq. Signed, JOHN BARROW. 

5th. liieutenant Green states page 232 of your last numbep 
and elsewhere, tluvt my conductors arc led through the after 
magazine t — ^tliis he has always insisted in, and has given a 
dramng to that effect. Will any of th(‘. thousands who have 
been at sea in the slaps fitted with my conductors say that tliis 
is true ? 

These are a few of the nu«r,^i; 2 iiS‘ideccpticms which appear 
in Lxeutenanf Green’s productions. I do . not think it w'orth 
while to Cite any more. A brief notice of his style of reason- 
ing and I have done. 

In the Mechanic’s Magazine, vol. viii. page 14, in order to 
shew the danger or conductors, he states, tliat the setting up 
of certain pointed rods in Lausanne, in 1825, was* the cause 
of a terrible sUinn which bappelicd there in 1824 — ^that is just 
one year after the storm happened. This logic is based upon 
extracts from newspapers, in whicli the dates are given, and 
by what he calls an explanation in page 285, he makes the 
storm haj)])en three years before tlie rods^ycre set up, which he 
says was the cause of it, • 

* See Mechanic’s Magazine, vol. 'till, page 237. 

f Whatever might be the cause for discontinuing Mr. Harris’s conductors 
in several men of war which had been furnished with them, it is a fact that 
such was the case, as will appear by the appeddix to this letter.— Edit. 
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In a newspaper called the Nautical Eegpster, in which he 
wrote against my ccmductors in 1822, amongst a most luxu- 
riant variety of ecmtmifictoiy matter, he has *%his remarkable 
passage : ^^I'he foUawmg statement will bear me put in what 1 
ha^'C ^vanced, ikaJf^^tmn ever iitd^^ mill exists who can 
invent anything to guard sjiips fHm thg direjul^ effects of 
lightning^ He goes on tp sayt — In the year 1801 or 1802, 
H« M Slup Cleopatra Was at anchor abo^t 80^ miles ^m Vera 
Cnm ; earlV in Ae evening^t commenced to^ rain, irith thun- 
der, |cc. *^6 conductor was ordered by the^ captain to be 
hoisted a^ the mi^en mast head, and from the time of its being 
hoisj^d mitil thp morning did streams of electric fluid con- 
tinue to run down it into the sea.’' WcH, was the ship in- 
jured ? Not in the least. Sfill this is to prove no man did^ 
or ever will invent anything to gua]:d ships from the direful 
effects of lightning L! ! * ^ 

I am, Sir, your obedient servant, 

WILLIAM SNOW HARRIS. 

Plymouth^ "March. 10 j 1840. 


APPENDIX. 

Copy of a correspondence with Rear Jt^dmiral Warren, Admiral tSupeiHntendent 
of Plymouth Dock Yard- * 

** Plymouth, Idtb March, 183d. 

“Sir, V . 

^ ** As seversd of her maiesty^s ships fitted with my new liahtning^ con- 
ductors have b^n pai^ off at JPlJltaoiiU|||md their spars returned to the dock 
ysdtd, 1 shoold be much oMigad by your informing me whethef the conductors 
still remaihdn them ? Witether%ay!^ayiDg the eonductm have beensre-issued ? 
Whether, in the case of their having beea removed from any cause, they have 
been refitted in another ship, or have been dulj^ set aside for that purpose } as 
alahj ^whether any spars with the^ conductors in them are yet remaillng in 
store./ 

j^^Iam, 

^ Your very obedient servant, 

' W. Snow Harris.” 


^ “ Plymouth Yar^ 16th March, 183a 

Sir, ■ *!«?'*'*«'* 

' << As requested by your letter of the ddth instsfnl, I beg to enclose 

to ypn a report of the particulars <%herein« required, respecting the spars in 
^ stors^ fittedwwith lightning conductors, on therplan juggestedpy you. 

I am, &c. &c. 

(Signed by the Admiral Superintendent.) 
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Cap$ rf^thuRepuktii^ JtoMter Sl^ipmiigiii. 

- 0 

DimA: TM, 15diMflrch» I9ik 

* le&renoe to the ^oe^Bi oewjtftiliei A ]b. Idanis’e letter of 
the 13th ittstuit, I bcff ,to state ' 

1 st. Thai the iKondiicters in the spars dt t&ips 'paid off' at this, port hare 
been remored^/with the exception of 6 ve top^gallant masts retamM firom^tha 
Forte, which are now; iii stom, the conductors remaining in tiiiem.. 

2 nd. No spare Haye heen^ re-issned with the conductors remaining ffxed* . ^ 
** 3rd. The condncfors which have been removed, from oau^ 

have net been rfiJUted to other ehipe^ hU returned into store in common with 
other old copper*'* v ^ > * 

Mr. Harris’s foniih.questiph appears to be tnaswered in the ^rst para- 
graph of this memento.” 

(Signed) J.fr.Hawkes. 

.J. Shaw.” 

To the Master Shipwiiglit.” . 

In consequence of this correspondence, I addressed ,the following letter to 
Sir J. Barrow, who bad previously fkvored me with an Interview on the 
subject. 

“ Plymouth^ 10 th March, 1338.” 

“ My dear Sir, 

I wrote to admiral Warren soon af^r my return. You will 
soon see by the copy of the correspondence herewith transmitted, that the new 
lightning conductors have been, with a few trifling exceptidns, all tom out of 
the masts and thrown by in a somewhat contemptuous way as old copper : 
thus, the plates whidi might have been very well replaced in other ships, 
have not even been taken care of. The correspondence with adminil Warren 
is very brief, and will not cost yon live minutes attention.*' 

** After the miplanation yon were sp good as to favor me with^respecting 
conductors, 1 cannot but believp you would wish to have me fairly dealt by in 
this matter ; and 1 sbqUdhope that the Boafd would not, on a reyiew of the 
facts, treat me unf^nerously. Let ns then see in as few words arposvidlehow 
the matter stands in relation to the Admiralty, the countiy, and myself.’* 

1 st. It is an admitted fact, that ships may be burned and destroyed by 
liglUning ; the logs of the navy shew that thisij^y no m^^ iiwrobable, and 
that some misaina ships may have ’pefii«L4'f|lRii this cause. Tney exhibit a 
loss of life, of dattiage^ ana loss of services of ships at critical iwri^a, not 
generally apyieciated: well then, this subject has been deemed of efficient 
consequence to engage the attention of scientific persons for more than half 
a century, and some steps have been taken to palliate the effects of lightning 
on ship board. The methods proposed have owndnadequate |n some way for 
the damage has continued up to the present lime ; notwithstandix^ that 
buildipgs on land have been protected fromthii source of danger/’ 

‘^2nd. In the year 1820 I investi^ted practically this question, and shewed 
how the fixed continuous conductors of Franklinmight be rendered available 
on ship board, and how by a perfect system of conduction throughout hull, 
all the protection which could possibly be obtained*from admitted scientifie 
prioiples, would be arrived at.” « 

“ 3rd. My proposals Were eventually carried into effect in eleven^ldiips of 
the navy, and the resulls has been as perfSset as could be hoped for. T^ 
written testimonies ojT officers In qommimd of the ships, prove that they have 
been exposed to heavy thnnder storm| 5 that they have been actually struck 
by the electric fli^d, mthoutin any case receiving the slightest damage : thus, 
not only shewing that the conductors are unobjeetionttble, but actually 
useful.” 

4th. The cohducton not only stand upon this, but they are supported by 
the avowed opinions of some of the most talented men in science the country 

VoL. V. — No'. 27, SeptembeTf 1840. 2 E 
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has to boast of : almost eyeir nayal officer, to 'whom the conductors are known 
is desirous to have them, and many have applied for that purpose ; and this 
feeling prevails even with the sailors who were at sea in^he ships fitted with 
them, as, for instance, in the Beagle and Dryad.” 

4th. In the face of ^1 how does the matter actually stand at this pre- 
sent instant ? why thus, \he ships in which the conductors were fitted, have 
been nearly all paid the plates, have been eommonlp tom out of the maate^ 
and thrown by ae old,copper, and no notice taken of it. A great national ex- 
periment has been abandoned, and the results lost to the country, without any 
assignable reason, without enquiry. An experiment of great consequence to 
our commercial and naval prosperity, and one which has occupied the atten- 
tion of the scientific part of Eurqpe for upwards of 70 years.” 

Can the aflair possibly rest here ; I am sure this could not be the serious 
intention of the Board ; nevertheless, sush is the actual state of the question 
in relation to the Admiralty and the country.’* 

** 6th. In respect to myself, I must necessarily feel the circumstances above 
detailed to be very severe, and uncalled for by any thing on my part : it is 
always difficult to speak of one’s self ; there are however some cases in which 
we are called upon to do so ; this appears to be one of them ^ and if it be 
done with becoming diffidence, 1 trust vou will excuse it.” 

It is well known, fhat so far as ability has enabled me, I have for many 
years cultivated with great zeal, experimental science ; and have not spared 
iimcy toih or money, in doing so, as I believe papers in the ‘ Philosophical 
Transactions’ fully shew indeed, the Royal ^iety marked their sense of 
my contribntions to the pages of the * Transactions,’ by awarding me their 
Copley medal in 1835. .Many of my researches in electricity and magnetism 
have been of practical advantage to the navy ; I may claim therefore, at the 
hands of the Board some little attention.” 

** Now, in perfecting the application of conductors in ships, I have incurred, 
not only a very serious responsibility, but a very heavy expense. You can- 
not but believe, that if any damage had happened, either to the ships fitted 
with the conductors, or even to the buildings at the Victualling office at 
Plymouth, (which I should remark, were protected from lightning under my 
direction,) I must have been the person held responsible with the public, is 
it right that one who successfully labors to promote the national science, 
and whose services have been advantageously used for the general good of the 
navy, should be passed by with coldness and neglect ? Here are these con- 
ductors, notwithstanding the many documents and facts conclusive of their 
value, thrown unceremoniously aside as old copper, and no notice taken of it : 
surely, without an} ’claim I*lntav havc^he consideration of the Board on the 
ground of general science, this it diust be admitted h^the appearance of 
dealing somew’hat unjustly by me. I cannot but believe, that in stating 
thus freely all I have to say to you, 1 am appealing to one wlffi has himself 
done much for the literary honour of our country, and who, anxious for the 
V advancement of coatural knowledge, must necessarily feel well-disposed to 
promote an enquiry into such a case. When we consider the resources of this 
powerful nation, and how much Its interest is involved in its naval and com- 
mercial prosperity, it surely cannot be on account of a tliousand or two pounds 
t^t an invention of practical advantage to the navy is laid aside.*’ 

^ I trust vou will be so good as to bring this matter under the consideration 
of the Board, and will do me the justice to believe, that I desire nothing 
which may not come fairly and openly before the country, without any iiaA 
of reservation whatever.” 

^ 1 am dear Sir, &c. &c. 

• W. SNOW HARRIS. 


Sir John Barrow made a courteous reply to this communication : the mat- 
ter, however, eventually terminated in nothing more than the fitting of the 
Acteon, without my knowle^, in the way before explained, sec* 19, page 13. 
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Copy uf correspondence with the Admiralty^ on the subject of an extract from 
a report on the ndm conductors to the Admirattyy from the Office 
^ of the Plymouth Doch Yard* 


ti 

“ Sir, 

“ VUth reference to former correspondence upon the snbjeot of your 
lightning conductors, I am commanded by my Lords C/Ommissioners of the 
Admiralty to transmit to you the accompanying extrcict of a report from 
Pl^onth Dock Yard, illative to the state of the masts of the Caledonia, in 
which the conductors were fitted. 

• " I am, &c. &c., 

• « C. WOOD.” 


Admiral%yl2th December, 1837. 


** W. Snow Harris, Esq.” 


Extract of a report from the Officers of Plymouth Dock Yard, dated 6th 

December, 1837. 

We beg to acquaint you that the conductors havtf been removed from all 
the spars returned from the Caledonia; that the main-top mast has been con- 
verted to a brig’s main-maist ; the fore and main-top gallant masts have been 
appropriated to jury gear; and that owing to the scores left in the spars by 
the removal of the conductors, it will be necessary to reduce them before they 
be re-issued.” * 


“Sir, 


Plymouth, I6th Decemboiy 1837. 

I feci much indebted to the Lords Commissioners of the Admi- 


ralty for the extract of the report from the Plymouth Dock Yard, relative 
to the state of the masts of the Caledonia, fitted with my lightnipg conduc- 
tors ; and hope to be permitted to offer the following remarks on it, which 
their lordships will, 1 trust, take into their candid consideration. 

I find on iuquiiy, since I was honoured with their lordships’ communica- 
tion, tliat when the Caledonia w^as dismantled 

1st. That her three working top-masts, having been in the ship for more 
than seven years, were so rubbed in the caps and otherwise worn, that they 
were not considered fit for further 

<*2nd. That nff kind of defect was discovered arising out of tlie application 
of lightning conductors ; that so far as the conductors were concerned, the 
masts might Imvc been ayain used. 

We learn, therefore, from these facts, that the conductors remained per- 
fect in the masts up to the time of the masts being considered no longer ser- 
viceable, and that since the plates of copper were still good, they might, 
consequently, be re-applied to other masts of the same dimensions ; without 
any new expense except in labour. " * 

<< 3rd. That the three spare top-masts, at sea in the ship for more than se- 
ven years, were returned into the store as serviceable top-masts, and might, if 
they had been permitted to remain in the same state in which they were re- 
turned, have been re-issued, either to the Caledonia or to another ship of her 
class, without the necessity of any alteration whatever. That for seme rea- 
son not explained, the plates were taken out of the masts, and, of course, as 
a necessary consequence, the shallow groove in which they were inserted left 
exposed. * 

u As these spars were never intended to be used without the conductors, any 
redaction contingent upon their removal was a matter of choice, such removal 
being quite uncalled for. 

** I would still, however, respectfully submit to (heir lordships, that even 
although the plates should be removed, a reduction of the spar is not abso- 
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lately neceBsary ; for if an oak batten was inserted in the grove, in place of 
theeopper, and the whole planed off fair with the round of the mast, 1 am 
prq^aied to shew that the spar would be as serviceable as at first. 

Admitting, however, that the spar must be reduced, it is still not neces- 
sary to do more than pair o|^ the smul projection of the groove, (which is, after 
all, very little more than\ quarter of an inch in depth,) the diminution of 
strength by this is really inconsiderable, and the mast might still be re-issued. 
The Spartiate’s jib-boom, for example, was re-issued in this waf, and, 1 be- 
lieve, anstmd well: 

<*4th. That in the conversion of the top-mast tdNh brig’s main-mast, the 
requisite reduction carried all round the spar ma not so great on account of 
the groove as nos found necessary fg bring the spar down to the required size. 
Should it ever be requisite to convert a top-mast once fitted with my con- 
ductors to any other purpose, the necessary reduction is always much more 
than is contingent upon the groove for the lightning conductors. 

Their lordsbipa will, 1 am sure, allow, that if after more than seven 
years, the wood was, on the removal of the copper plates, found so perfect as 
to admit of the mast being converted into so important a spar as a brig’s maiij- 
mast, we have not much to complain of on account of the application of the 
conductor. 

** I would in concluslbn respectfully call their lordship’s attention to the 
fact, that out of eleven ships fitted with the new conductors, few, 1 believe, 
BOW remain in commission, except the Beagle.** That although on being 
dismantled, their spars, with the conductors in them, remained perfect, and 
so far as the conductors were concerned, fit to be re-issued, yet, in several 
instances which have come to my knowledge, the conductors have been taken 
out of the masts, and the masts used for various purposes. I have no doubt 
the mast makers can explain why they have been led to do this in many cases, 
but why they have done so in others does not immediately appear ; as no com- 
plaint has ever been made of the conductors so fax as the masts were concerned, 
and that without any additional expense to the country the serviceable "masts 
might still have been applied in the same way, and many ships been fur- 
nimed with this protection from lightning.” 

It is 5vtll known to their lordships that the Beagle was full five years on 
service, atld that yet she has gone to sea with the same spars and conductors 
in them, on an equally long voyage, with the exception of new top-gallant 
masts.” 

M 1 cannot but respectfully bespeak their lordships’ attention to these facts.” 

And remain, Sir. &c. &c., 

• , „ ,r WM. SNOW HARRIS.” 

« To pharles Wood, Esq., M.P., &c., Ac.” • 


XXyill. — Mi*. W. Stuhgkon’s Letter to W. Snow 
Habris, Esq. F. R. S. 

• 

Sir, — 1 hope you will acknowledge that 1 have given pub- 
licity to every part of your letter, that can possibly be useftil 
eith^ to yourself, or to the cause of your marine lightning 
conductors; to have published the other part of yoiur letter, 
cpuld have answered no laudable purpose whatever. 1 can 
have but very little to say in reply, as the opinions which 1 
have alxeady entertained, and which axe already before tho 
public, are not in the least affected by any £u;ts whicli your 
fetter contains. Your answers to the queries in my letter are 

* That ib to say, in which the cunductun atill remain perfQot. 
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partly satis&ctoiy^aiid partly otherwise. Your explanation of 
die expansive effects of lightning are perfectly satisfactory, 
because you necessarily admit that lightning was the primitive 
cause, which admits of the correctness ^ all 1 have said res- 
pecting a lateral discharge of the^rst kind.^ 

Your ^planation of the reasons which led you to proceed 
in the manner yop did with the experiments at Plymouth, 
before the Navy Board, appear to me anything but satisfactory. 
That your conductor on board the^Louisa cutter, was perfect 
enough to cany those electee charges which you transmitted 
through it, there can be no doubt whatever ; but, that it shewed 
any peculiar advantage of action over other cctaductors I must 
still deny; although you say I shut my eyes to these plain 

dedMctions, and tell my readers that the experiments prove 
nothing peculiar to your system of con^uctorSy Now 

his sentence of yours, obviously implies a claim of some pecu- 
liar advantage of your system of conductors being demonstrated 
by those very experiments, and a censure upon me for not 
telling my readers that such was tlic case. Had I said anything 
otherwise than that which I did say respecting the character 
of the Plymouth experiments, I should have told my readers 
an untruth ; and 1 think that not only my readers, but your 
readers also, will sec pretty clearly, tliat I was perfectly cor- 
rect, in stating that those experiments are no more illusta- 
tive of the efficacy of Mr. Harris’s system than of^y other 
ever yet ofiered to public notice,” when I point out to them 
your own words on tliis matter, which are the following. 
“ Now I never asserted tliat any other conductor would not 
convey an electrical charge to the sea. My experiments were 
never instituted under such an^ii^jgggcwfsion,”^' 1 am sure that 
both of our •readers will be much pleased to find that you 
have so ably set this matter at rest. 

Witli respect to the horn book”t work which you speak 
of, I have no means of knowing anything farther than that 
which the character of your experiments indicates, which, to 
an electrician, would not appear very conclusive. And the 
reason you have given for employing gunpowder to show the 
effects of lightning on a ship’s mast, are quite imsatisfactory.!t 
Had you continued your illustrations on the small model, 
which for the first time, you now speak of, they would have been 
perfectly satis&ctory. It is an old experiment and quite con- 
clusive ; but I must certainly still indulge in the opinion that your 
gunpowder experiment was •not only quite out of place, but 

* FourUi Memoir, paragraph 139, page 174, 70 I. iv. of these Annals. 

f Fourth Memoir, page 166, vol. i?. of these Annals. 
i Mr. Harris's letter, page 909. of this Number. 
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tended to give a felse idea of the nature of th^ action by which 
masses of wood are cleft by flashes of lightnings 

I am of opinion^ also, that you are led into error even 

under the new and^teiy delicate circumstances” by which 
you “ tried the experiment.”* For if the detonating powder 
did not fire in the. interrupted part of the circuit, hy^your ex- 
periment, that can be no very decisive reason why it should 
be so extremely obstinate in other hands. The ^‘hom 
book” informs me that each J)ranch of the conductor will carry 
a portion of the charge if sufficiently powerful, and the inter- 
ruption in one branch of the conductor be only small. 

Your view oft my lateral dischage” at a distance of 50 
feet from the direct discharge^ seems to have led you into 
some considerable error concerning lateral discharges in the 
body of a ship fron^ direct discharges through my system of 
conductors in the rigging. I think that I have stated pretty 
clearly tliat this 50 feet, was 50 feet of metallic wire, (see 
page 175, vol. iv. of these Annals) ; and I never yet understood 
that there was a direct metallic commimication between the out- 
side of a sliip and her powder magazine ! ! ! or that the one was very 
near to the other : and I tliink you will admit that the distance 
of your conductors from the magazine is very trilling indeed, 
when compared with the distance between the latter and the 
outside of the vessel. 

Moreover, the distribution of my conductors in the rigging 
is such that every flash of lightning wliich struck them, would 
be equally distributed amongst them before it arrived at the 
body of the ship: so that a small fractional part only, would 
be carried by any one of the lower branches : and as each 
branch conductor* would^^jjnjv an equal share, the forces on 
the two sides of the ship wouIcTbe so completelj> balanced as 
to neutralize each others action on bodies placed^directly 
between them, not only as regards lateral discharges, but also 
as regards the iftagnetic action of heavy flashes of lightning : 
for although an electric discharge traversing a single con- 
ductor, will magnetize a ferruginous body, a needle, for 
instance, placed within the sphere of its action, yet no dis- 
charge of electricity which passed equally on both sides of the 
needle would magnetize it : because one part of the electro- 
magnetic action would counteract the other part of it, and 
they would mutually neutralize each others effects. 

In regard to “Dr. Wollaston’s judgement” on matters of 
philosophy, I shall always have » great veneration, and what- 
ever degree of apjirobafion he may Tiave happened to confer 
upon your conductors, I should have found very little difficulty 
in making that philospher sensible of the dangerous effects of 
* Mr. Harris’s letter, pa"c 210 of this Number. * 
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their electro-magnetic powers when traversed by heavy flashes 
of lightning. 'Ij^jissuch a simple and common “hom-book” 
affair, yet such an important consideration in the disposition of 
marine lightning conductors, that its oi|ussion in the report of 
the comnuttee is an evetit in Hntish scieflce, which leaves you 
and the 9cientijic councillors^ in no very enviable position. 
And ^though it may not have occurred to you before, that the 
situation of your conductors would give them a most dangerous 
influence on the chronometors and compasses of the ship, yet 
now that I have clearly pointed out the fact, it behoves you, 
at this critical period, to make known to the Admimlty that 
such is the case, in order that some means m^jiy be adopted to 
prevent those serious consequences which your system of 
conductors can hardly fail to produce. 

I do not find that any other part of your letter requires my 
notice, and as I have met eveiy other cflbrt which you have 
made in favour of your conductors, in my 1‘ormer letters, 
witliout experiencing the slightest reason for altering my first 
statements, made in my fourth memoir, 1 necessarily conclude 
the discussion, under the same impressions as tliose with which 
1 began. The enors into which you have accasionally fallen 
in those papers which you have published since the ai)pearance 
of my fourth memoir, have certainly U nded to rectily my 
former views of your mode of philosophical reasoning, which, I 
believe, is the only remuneration I need expect ; unless, indeed, 
my exposure of tlie dangerous tendency of your lightning 
conductors may induce those in authority to pause, and re-inves- 
tigate the whole subject,’ before any decisive steps may be 
taken for fitting out the british fleet w ith any lightning con- 
ductors whatever. And as J have sjj^ne reason lor supposing 
that such w’jjl be the case, I am 'dclfl in hopes of experiencing 
the grejt satisfaction of haring be(»n instrumental in averting 
those personal and national calamities, which, in evciy proba- 
bility would occiu: from the effects of lightniqg, w'ere our fleet 
to be furnished with conductors such as you have proposed. 
And should I even be disappointed in that particular, it wall 
alw^ays be a gratifying reflection that I have pointed out the 
means whereby those dangers might be averted, at an expense 
of little more than the first cost of the material; and without 
detaining any ship in harbour, or causing any otlier obstruction 
in the performance of any part of her duty, whatever may be 
the nature of her servdcc, and on whatever station she may 
happen to be placed. * , 

I have the honor to be, 

Sir, 

Your obedient Servant, 

W. S. Harris, Esq. W. STURGEON, 
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XXIX. — On the cause of the change in cobfur which takes 

place in certain substances under the influence of Heat . — 
By C. S. SCHOEKBPIN. 

It has not fallen within the power of man, up to^ the pre- 
sent time, to det4rmine*the relation which exists between the 
chemical nature of a body and its colour; it is probable that 
the determmation of this difficulty presents one of the most 
difficult problems that philosophers and chemists will hare to 
resolve.* We know not why copper is red, gold, yellow ; the 
cyanite of iron blue, and, m particular, we are complely un- 
certain whether the cause of the colour of a substance ought 
to be sought for in the nature of its mobecules, or in the par- 
ticular mode of their agOTegation. But whatever be the ob- 
scurity which reigntf in mih point of view, and however great 
our ignorance on the true cause of the colourization of bodies, 
we know, notwithstanding, that the fact which determines 
the chemical nature of any substance is that which decides, 
before any thing, its relations with the light ; and, in fact, 
there are a hundred cases in which we may conclude with cer- 
tmnty, that a chemical modification has taken place in a body 
after a modification of colour has been observed. But it is 
not only these luminous phenomena, w^th relation to colour, 
which are frequently modified by the effect of the chemied 
changes o1^ the substance ; those of this species of phenomena 
which may be referred to refraction, to reflection, to inflection, 
and to polarization, are under the same influence : and, in 
short, we may safely affirm, that in order to arrive at the es- 
tablishment of thp identjJ^jOT the chemical difference of sub- 
stdnees there exists no re-agbitt more sensitive than light. 

Up to the present time, with our chemical means, we have 
only been able to determine amongst bodies those differences 
the most grosg, and easily to be perceived; and, without 
doubt, also, for this same reason, we have admitted as iden- 
tical with e^ other a great number of substances, which, 
upon examination, by the aid of re-agents the most delicate, 
will eventually demonstrate to us that there is no identity be- 
tween those bodies. It is then very desirable that opticians 
diould come in to the aid of their chemical brethren, and by 
furnishing them with such instruments as are necessary, enar 
ble them to determine, in a manner .at once easy and certain, 
the slightest qualifying modification which takes place in any 
which may be subjected to their inquiry. When once the re- 
search into the chemical nature of substances, by optical 
means, shall come into general use, 1 am persuaded that our 
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knowledge in this respect will be rapidly extended, and we 
shall acquire lAore correct ideas than those we possess at pre*- 
sent on the intimate nature of substances. The researches of 
Newton on the power of bodies to refract light, and the re- 
searches,^till more recent, of the celebrated Biot, have already 
placed in a striking point of view the great importance it may 
be to the chemist to have a knowledge of tlie optical character 
of bodies. 

I have no other end in view, in*publishing this work, than 
that of calling the attentio|} of philosophers and chemists on 
the importance of the momentary and sudden changes of co- 
lour which divers substances undergo under 1:he influence of 
heat. 

In comparing the chemical nature of substances which pre- 
sent this phenomenon in these indicated circumstances, it 
ought to excite our surprise, above all, that it is only observ- 
able in compound bodies. Sulphur, phosphorous, and perhaps, 
also, selenium, which are considered as simple substances, 
form exceptions ; but the property which these bodies possess 
of taking various colours in different circumstances, ought, 
perhaps, to be sufficient for us to presume that they are com- 
pound, more especially if we consider that sulphur, and in 
all likelihood also, the two other substances are. 

The number of compound substances which arc possessed 
of the properties of which we are now speaking is very con- 
siderable, and it would be too tedious to name them. Amongst 
those which are solid, I content myself with naming the red 
oxide of mercury, which, upon being heated, takes a brown- 
ish black colour. The yellow basique nitrate of mercury, 
which in the same circumstances .?^<5!:i®[ies a® red colour ; the 
red iodure of®mercury, which becomes yellow at an elevated 
temperattire ; the citron yellow coloured chromate of potash, 
which takes an orange colour on being affected by strong 
heat. The liquids, with some exception, chSnge colour in 
general when they are heated. A solution of muriate of co- 
balt, for example, which when cold is of a yellow brdwn colour, 
becomes blue on being heated ; an acid solution of nitrate of 
iron, which at the ordinary temperature is completely colour- 
less, becomes a reddish yellow when heated. Nitrous acid, 
(colourless at 20*^) becomes yellow, and even a red brown on 
being exposed to heat: the colourless combinations of this 
acid with nitric acid, sulphuric acid, phosphoric acid, &c., be- 
comes equally yellow in the iaxne circumstances. Among the 
compound gases I know of none of which the colour is sen- 
sibly changed by the effect of heat except it is the nitrous 
acid gas, whose colour is, as is well known, of a deeper hue 

VoL. V. — No. 27, SeptembeVj 1840. 2 F 



226 


On the change of Colour of Bodies. 

at a high temperature. But it is very likely that a more pro- 
found examination will shew that other aerifSrm bodies also 
change colour with thpir temperature. 

The question in point now is to resolve, to what cause the 
phenomena in question may be attributed ; whether it is to 
mejchanical circumstances, or to chemical changes,^ Up to 
the present time we have always sought to explain it, by 
vaguely admitting that heat produces a certain modification in 
the arrangement of the idtimate molecules of a body from 
whence proceeds a change of colour. This hypothesis may 
possibly be exapt, generally speaking, but it is so vague and 
indeterminate that it leaves, in a complete uncertainty the 
question of ascertaining whether heat only changes, the rela- 
tive position of the compound molecules, or whether the sim- 
ple heterogeneous •‘atoms combine among themselves under 
the influence of an elevated temperature, in other affinities 
than when the body is not heated. Some recent researches 
of Mitscherlich, Rose, and other chemists, have demonstrated 
that certain salts undergo an essential modification, one might 
almost say chemical, though this was not a decomposition in 
the ordinary sense of the word. Thus the arroganite, heated 
to a full red heat, is transformed into calcareous spath ; the 
red pyrimidal iodure of mercury into the prismatic yellow 
iodure of mercury, without the observer being able to perceive 
any modification in the composition of these two bodies. Other 
examples of the same nature might easily be cited. 

An important circumstance, to which I shall endeavour 
at the present time to draw your attention, is this, that the 
red iodure of mercury, qn being transformed into yellow iodure 
by the action of fieat, per^is some time still, it is true, in 
its new estate after being cooled, but does not fail, neverthe- 
less, to take its primitive state without the sensible interven- 
tion of any exterior action, though mechanical causes, such 
as a sudden shock, singularly hasten its return to the normal 
state. The^ arroganite once transformed into calcareous spath, 
undergoes no further change. There is not the least doubt 
that in the case whence arises the question, that heat only 
produces in the chemical nature of bodies that modification 
which chemists call isomeric. They form new substances, 
which are distinguished in particular from those from which 
they proceed by a peculiar form, by their specific gravity, by 
their hardness, and by their actiqn on light, and, in all like- 
lihood, by other physical properties. 

What is it now which takes place in those substances which 
thus change colour with the temperature ? Does this change 
indicate different chemical combinations among the constituent 
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elements, and ou^ht it to be regarded as a proof that the mass 
resting identic^lf the same element can form a series of iso- 
meric combinations, of which each in particular is produced 
by a determined temperature ? The change which takes place 
in the red iodure of mercury appears to me to be of particular 
importance in the answer to mese questioi^ ; on one band, 
because the phenomena which this body presents approach in 
appearance those of bodies M^ich the act of cooling causes 
to return to their former state, (the elements of this iodure 
not persisting, in fact, in their new combination); on the 
other band, because the bqdy approaches also to carbonate of 
chalk, the iodure not taking immediately its* primitive state 
when the cause which modifies it has ceased to act. Under 
the relation of the variability of its molecular composition, 
this iodure places itself then between the calcareous carbonate 
and the combination in which the change of temperature, 
and the modification in the chemical constitution, only remains 
as much in one as the other. 

Let us now seek a solution of the proposed question, at 
first in that which concerns the oxide of mercury, which 
presents a change of colour so remarkable. The mode of 
combination of oxygen with mercury, under the relation of 
intimacy, ought not to be the same at elevated degrees of tem- 
perature as at inferior degrees : it is already acknowledged, 
that at a certain temperature these two substances* separate 
one from the other, and it will be easily admitted, that as the 
oxygen holds much more feebly to the mercury, that the oxide 
is most heated. Now, a difference in the intimacy with which 
the same elements are combined constitutes already, accord- 
ing to my ideas, a difference eithcj* -qualifying or chemical. 
After that, the oxide of mercury in a heated state, is chemi- 
cally different from the cold oxide, and there^exists between 
the two an isomeric relation. To speak more properly, all 
the chemical combinations which are of difieren* temperatures, 
are, it is true, in the same case, but particularly those which 
heat alone decomposes. It seems possible to me, however, that 
many compound bodies undergo, in their intimate nature, by 
the efiect of heat, modifications which may have, it is true, 
a distant reason in a change of relations of affinity, but which 
are owing, above all, to a momentary derangement of the 
constituent elements, out of their normal position taken at 
the ordinary temperature# It is, in effect, a singular fact, 
that many compound bodies* take, when they are heated, a 
colour wmch cWacterises another degree of combination of 
the same elements. The following examples will serve to 
make the case in question better understood. 
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At an elevated temperature, the oxide of onercury takes the 
colour of the oxidule of the same metal; the deifto-sulphuret of 
mercury, the colour of^proto-sulphuret ; the proto-chromate of 
potash that of doi^ble salt ; the colourless solution of nitrate 
acid of iron that of the solution of a nitrate basiqqe of that 
metal ; the solution yelloyr and neuter of muriate of cobalt^ 
that of the acid solution of the same metal, &c. Now though 
this shadowing change may not be observed in each of me 
substances which change dolour with the temperature, the 
cases where it presents itself are^ however so very numerous, 
that we are not at liberty to consider this phenomenon as 
simply the effect of chance, nor to suppose that the changes 
in colour of these substances are owing to the formation 
of a new combination : as for example when the deutoxide of 
mercury is heated it is transformed into protoxide, the neutral 
salt of chrome into acid salt, the neuter solution of muriate of 
cobalt into an acid solution, &c. But as, in the examples 
here cited, the heat does not separate oxygen, nor potash, &c. 
it is necessary to admit that these substances are found in an 
intimately mixed state in die bodies which we have submitted 
to the action of heat, or else, that the new combination 
possesses still so great an adhesive force for the substance 
which has been insulated, that it cannot be separated from it. 
It is possible, also, for example, that a molecule of mercury 
may be fbund, during the process of heating, nearer to one 
of the particles of oxygen enclosed within an atom of oxide 
than another, and that this second particle remains attached 
to the oxidule by the effect of a species of affinity, and is 
thus prevented from disengaging itself under the form of gas. 
We may suppose^againJ^^tK::^ there is established, sometimes 
between the two elements of a combination closed to the 
action of the heat such a relation that they are, if is true, 
completely separated one from the other under the chemical 
relation, but tfiat they are still retained together by the effect 
of an attraction, similar to that which Faraday believes to be 
exercised by platinum on oxygen. 

It is the skilful Kielmeyer, if I mistake not, who has ad- 
v£mced, now a long time since, the idea that each particular 
temperature has its own chemical power. Without wishing 
to t^e this assertion for granted, I believe, however, that it 
is true in general, and that a proof is furnished of its correct- 
ness in the change of colour produced by heat in compound 
bodies. As I have already made the remark, that chemists 
have not, during a long time, taken account only of the most 

g laring differences of bodies, and have regarded as identical 
[lose substances which have given as the resujt of an^dysis 
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tbe same elements in the same proportions. The discovery 
of isomery, dad of dimorphie^ with which it is intimately con-, 
nected, has elicited the fact, that the equality of elements, 
and the proportions in which they arex;ombined, is not a cer- 
tain criterion of the identity of chemical substances, and that, 
in this case, it is quite possible that there may exist great differ- 
ences in the physical and chemical properties of bo£es. How- 
ever, let this point be once established, and that in particular it 
has been demonstrated, that by the aid of heat w'e can accom- 
plish not only the decomposition of substances, but, likewise, 
isomeric transformations, we may hope that chemists will di- 
rect their attention to the qualifying modifications less appa- 
rent, and particularly on the transient modifications which 
these bodies undergo under the influence of beat. Researches 
of this description would not fail to extend the actual limits 
of chemistry, and give us more correct ideas on the difierent 
modes of combination of elementary substances, as also, to 
spread the light of day on the relation which exists between 
the molecular constitution of a body and its physical and che- 
mical properties. • 

In order to find some experimental proofs in favour of the 
opinion which I have advanced in relation to the cause of the 
change of colour on many substances, I have had recourse 
to the galvanometer. It is a fact; recognised by most philo- 
sophers, that every chemical modification, formation, or de- 
composition, of a compound body, has the effect of destroying 
the electrical equilibrium of substances which act upon each 
other. Upon this principle, if the change of colour, now in 
question, is to be attributed to any chemical modification 
whatever in those substances in which it is observed, we ought 
also to see established a voltaic current, and to be able to 
demonstrate the existence thereof, in favourable circumstances, 
by means of the multiplicatier. Now, to speak of solid sub- 
stances whose colour changes with the temperature, they are, 
unfortunately, such bad conductors of the voltaic current that 
they do not leave the least possibility of availing ourselves of 
the use of the galvanometer. It is not the same, however, 
in liquid substances ; but I have made use of them to make a 
series of experiments, of the results of which 1 have hereaf- 
ter spoken. 

We know that an acid solution of chlorure of cobalt, a little 
concentrated, is blue, but that it becomes yellow by the addi- 
tion of a small quantity of water. If this yellow liquid be 
heated, it retakes its blue colour, and this colour becomes 
deeper as the colour of the liquid is more elevated. The che- 
mists explajn this passage from blue to yellow by supposing the 
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water to change to acid salt a part of its a^id, and that thus 
the yellow solution encloses another combination than that 
which is found in the blue solution* As the yellow liquid again 
becomes blue by a new^addition of hydro-^Uoric acid, and as 
heat alone produces also this change of colour, we can easily 
suppose that at a more elevated temperature the yellow neutral 
solution of cobalt is transformed into the acid blue com1;>ination ; 
or, what is precisely the same thing, that the acid carried off 
by the water to acid salt separates itself a second time from 
the water by the effect of heat, and forms anew with the neuter 
combination of acid chlorure. Btft if chemical modifications 
of this species do really take place, the electrical equilibrium 
in the liquid in question ought also, in consequence of what 
1 have jdready advanced, to be destroyed in these circum* 
istances. If now we put the liquid into a tube in the form of 
U, and a platinum wire in each branch of the tube, and now 
heat the column of liquid in one of the branches, until it be- 
comes blue, and then bring the free extremities, of the plati- 
num wires into communication 'with a delicate galvanometer, 
there is a current established which travels from the cold 
column of liquid to the heated one, and we find the force of 
this current to be greatest, when the difference of temperature 
between the two branches is most considerable. In my expe- 
riments the deviation was about 70^ when the liquid was near 
the point of bmling, that is to say, when the colour was the 
deepest. 1 need scarcely add that the needle returned to 
^ero, as soon as the two divisions of the liquid had arrived at 
the same degree of temperature; that is to say, as soon as the 
blue colour of the one had again taken the place of the yellow 
Such was the exactness also of the manner in which the 
galvanometer carried itself in tbe solution o^itrate acid 
of iron, which is colourless at the ordinary temperature, 
and which takes a yellow colour en being heated. In the same 
circumstanfees ae those already given, 1 have obtained a cur- 
rent which travelled equally from the cold portion of the liquid 
to the heated one, and which made the needle deviate about 
40®. The results have been similar to these too, when, in the 
place of the liquids of which I have spoken, 1 have made use 
of a solution of acid sulphate of iron, or of liquid combi- 
nations of nitrous acid with other acids, such as sulphuric 
acid, phosphoric acid, nitric acid, &c. 

truth, it seems at first that these observed currents are 
of a thermo-electric nature ; that^is to say, that the^ are the 
efifect of the difference of tmnperature of the two liquids, or of 
the two platinum wires. M. Becquerel says, in m “ Traitc 
de r ESeptricite,” that when the two extremities of the plati- 
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nilm wire of.thtf g:alvaoometer are plunged into nitric acid, 
and that in these circumstances, the electrical equilibrium is 
mmntained, this equilibrium wiU be destroyed, if we come to 
draw one of the extremities out of the liquid, heat it, and 
pltmge it in anew, and that then a current wiU be developed 
which travels from the cold extremity to the hot. The French 
philosopher considers this current as being of a thermo-electric 
nature. But if this opinion have any foundation, we should 
be able to obtain similar curreniB with all liquids which are 
good conductors. Now ny researches on this point have 
convinced me to the contrary. Sulphuric acid, perfectly pure, 
alone, or widi water in different proportions, pure hydro- 
chloric acid, the dissolutions of potash, sulphate of potash, 
carbonate and phosphate of alkali, sulphate of zinc, corrosive 
sublimate, and many other salts, have been put successively 
into bent tubes ; the part of the liquid enclosed in one of the 
branches only has been heated, and when 1 have established 
the communication with the galvanometer, by means of the pla- 
tinum wires, I have not obtained even the most feeble current. 
The absence of the current in this last experiment, seems to 
bring clearly in view the inaccuracy of the explanation given 
by M. Becquerel, and at the same time the great likelihood, 
or else the certainty, that the destruction of the electrical 
equilibrium, when it coincides with the change of colour in a 
liquid, is not immediately owing either to the difference of 
temperature of the two wires, or to that of die two portions 
of liquid contained in the branches of the tube, and commu- 
nicating with each other, but to transient chemical modifica- 
tions, which hare been produced bjr heat in one of these 
portions. ^ * 

It is |carcely necessary to remark expressly, that it is pos- 
sible also to have liquids whqae colour does not change, in 
whatever war they are submitted to the actioq of heat, and in 
which notwithstanding, transient chemical changes, take place, 
for the qualitative changes of a body are not always necessarily 
accompanied by a change of colour. Those liquids which are 
found in this position, should also, by consequence, be in 
a state to produce a current when they are unequally heated. 
Now the result of my experiment proves that the dissolutions 
of many nitrates of mercury possess in a very high degree the 
property in question, whfn they are submitted to an unequal 
heat, and it is kno^ that the solutions of this species are 
colourless at very Cerent temperatures.^ 

Let us" now suppose that the preceding remarks are per- 
fectly exact ; the result would be that a galvanometer would 
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offer to the observer an instrument, which would put him in a 
position where he could demonstrate the existence of cheiOi- 
cal actions, in which n(f reaction is announced, and '(vhere up 
to the present time no modification was believed to be ope- 
rating in the chemical constitution of the substanpe under 
observation. 1 have already named, besides the galvanometer, 
the chemical microscope, and 1 believe that the fiEicts which 1 
have just described are sufficient to justify this denomina!tion. 
It will be by consequence vbry desirable, that those chemists 
who are devoted to scientific resgarch, will makq use of this 
precious instrument more frequency than they have hitherto 
done, and that tney will make above all an attentive exami- 
nation of all toe importaiii chemical combinations, which serve 
as conductors of the current, in order to know the influence 
which they exercise on the galvanometer when they are 
unequally heated. 

Permit me, in terminating this work, to expre^ some ideas 
destined to make comprehensible toe importance which 
isometry will probably sooner or later exert, for that part of 
geology which is united to chemistry. In considering under 
a chemical point of view the parts #hich constitute the crust 
of the earth, we ought to be surprised to see certain elements 
predominate over others in the. rocks of certain geological 
formations. 1 do not wish to recall here the enormous masses 
of calcarebus Carbonate, which are encountered in those which 
are called sedimentary earths. On the other side it is not 
rare to find in the same formation chemical productions 
extremefy different, placed one by the side pf the other, and, 
what is very remarkablei^ in such a manner sometimes that 
the one passes tod other b^ degrees almost insensible, as is 
seen for example in the calcareous carbonate and the dolomite. 
These transitions take place sometimes under circuifistances 
which cau^ us to think of the transfonnation of one of these 
substances in tlSi other. :^And, in effect this’ idea has been 
suggested at a.n anterior epoch, but has ordinarily been repul- 
sed as a product of the imagination of the alchemist, anH has 
been deemred completely inadmissible. 

Under a chemical point of view, we ought, it is true, to sup- 

E ose that since our earth exists, the same elements of which we 
ave knowledge at the present day have always existed, and 
that all the diverse geological formations, inasmuch as they 
relate to chemical actions, have been Pwing to the affinity of one 
of these elements for the otoer; As to toe transformation of ^ 
one substance into another, it is a fact we are not able to 
admit ; and then say, how, under the relation of quantity, 
the elemients.are united in such a manner as to be able to 
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form precisely compound combinations after the chemical 
proporticms, am how these substances,, which have power to 
combine among themselves, have so happily met ; the chem- 
ists’ do not believe themselves bound to give in this point of 
view any, plausible explanation, and they put this fact to the 
number *of those on which actual science does not possess 
sufficient dements^ 

Further, the singular fact, that certain substances, accom- 
pany each other, or always avoid each other, smd that these 
substances, are then found as often to be ofjbodies which 
offer a passable resemblance In their chemical cnaracter, such 
as, amongst which we find together, the chlorine, brome, 
and iodine ; sulphur find selenium ; platinum, iredium, palla- 
dium, baryte, and strontian; potash and alkali; this fact 
ought to be considered by the chemist of pur days as a pure 
hazard, two elements being always separated in his eyes by 
an abyss quite impossible to overcome. 

In the opinion of many philosophers, there may have been 
a time in which all the constituent elements of our planet 
may have existed in a state of insulation. But this hypothesis 
implies here, that the compound bodies with which we meet 
at the present day, , have been formed one day by means of 
synthesis. We can, according to my ideas, make good several 
arguments which are not favourable to this point of view, and 
which permit the supposition that many chemico-geologieal 
products have been found by another way than that of com- 

S osition, by means of elements which we can at the present 
ay separate. If the substances which we regard as element- 
ary, were once found in a state of complete insulation, and 
they may have been at the same time submitted, as at our day, 
to the law of gravity, they would have been obliged, it seems, 
to arrange themselves the one on the other, according to their 
specific gravity. But aa it ia easily comprehended, would 
alone have sufficed to hinder the cc^binatiosfs of several of 
those elements which are now found united. In truth, when 
the chemist pretends that in the primitive times, these elements, 
disposed one on the other, in beds or layers nearly concentric, 
well mixed together by the effect of an unknown cause, and 
which will come s'lddenly into activity (an hypothesis which is 
accorded to it, as we accord to astronomy that of an impulsion, 
when there is need to explain the curvilinear movement of the 
planets), this hypothesis will make comprehensible the exis- 
tence of many geological products ; hut at all times, a great 
number geologioo-chemic facts will remain enigmatical to 
us, and even inexifficable. 

But if ma^ substances which we consider as compound, 
Voji. V. — No. 27, September^ 1840. . 2 G 
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have not been formed by the w^ay of ordinary synthesis, it is 
still a question, at leant to admit, for the sake 6f convenience, 
that they have been ^eated such as they are at the present 
day, or that they have always existed in the same state, it is 
yet a question, what origin have they had. As for jpyself, in 
acknowledging all that we cannot yet answer 4o this (Question, 
no more than others, concerning the origin of mineralogical 
products, 1 think that isomery will aid us as we advance to 
resolve a great number of Hchemico-geolegical problems. As 
this new brai;ch of chemistry becomes developed sufficiently, 
for the ackno^d^dgment as isomeries, those substances which 
we have been forced to regard up to the present day, as 
elements, and we shall the light of day spread itself on many 
subjects which are yet covered in a profound obscurity. 

It is a true principle, and let it for that be often repeated, 
that nature attains by the most simple means, the greatest and 
the most varied ends. How complicated and how grand are 
the effects produced by gftvity, the action of which at the 
same time obeys a law so simple 1 If then we suppose that 
the numerous different substances which constitute our earth, 
are the product of a small number of elementary substances, 
united amongst themselves in a manner the most varied in 
their proportions, and in the mode of their combination, 
we have there an hypothesis which we are authorized to 
make bjranalogies, and which will scarcely leave us accusable 
ot wandering in reveries or metaphysics. Let us represent 
the small number of substances which we admit, hypothetically 
as elements, submitted to the influence of Very different 
temperatures, of voltaic currents of different energies of 
various forces ®f pifessure, &c., we may conceive how 
in these circumstances so different, the bodies the«most different 
have power to be formed by means of a small numbt^r of ele- 
ments, thpse bodies in particular, which we use for decompo- 
sition, relativefy feeble, do not permit us to resolve into their 
elements. We know already some facts, which give us 
authority tb presume, that some substances which are now 
regarded in chemistry as simple bodies and which ought as 
such, to be invariable in their essential properties, would 
evince very considerable modification when they are exposed 
to certain influences and in particular to those of electrical cur- 
rents and to heat. It has long been known that sulphur can 
assume very*! different forms, and that, suddenly cooled after 
having been heated it passes to a* state of coherence essentially 
different from that which it previously possessed. Phosphorous 
and selenium present sinular phenomena. In my electro- 
chemical researches, I have myself recently obUined results. 



235 


By Mr. C. F. S6hoenbera. 

which demonstrate that iron, which is regarded as elementary, 
can, under (he relation chemical and under the relation 
physical, take such modifications, that^, in its new estate one 
ought to regard it in some manner as quite another metal. 
From tlie state of a body very oxidable, it is transformed into 
a substance neuter with regard to oxygen ; a metal eminently 
electro-positive, it becomes a metal electro-negative. Similar 
modifications have already been observed in some other very 
oxidable metals. Though these fhodifications We it is true 
but transient, and that up to the present time Jo means have 
been found to render them* permanent, it do^e not yet follow 
that, by, example, this result will not absolutely be obtained for 
iron. It results from this, that the above modifications, are a 
proof that many bodies which arc called elementary, do not 
bear the character of absolute invariability, in that which con- 
cerns the properties which are ordinarily regarded as essential. 

In like manner, as the chemist ought to furnish to the geo- 
logian his aid in extending that science, so ought the geolo- 
gian, in his turn, to lend his aid to the chemist. Like light, 
are not the geological explorations spread on the history of 
organized beings, and what disQoveries may we not hope to 
make in the field of zoology, by the researches even which are 
made in our days, on the nature of animals which peopled 
the primitive world? 

We may be well permitted to suppose that the formation of 
the inorganic bodies of our earth has taken place after deter- 
mined laws, much even as that of organised beings which 
have perishea ; that in other periods of the history of o>ur 

E lanet, there have been epochs of chemical formations, as there 
ave been periods of organic creation : and i8 it not impossible 
that both the^one and the other have been in a certain mutual 
dependaiice, and that one of these classes of phenomena has 
had in the other the cause of its existence ? Now, if, in the 
actual moment, geologians were to make a strong effort to 
direct all their attention on the organic remains of primitive 
times, and, by a self-compulsory effort, construct, with the 
monuments of the first ages, a basis for the history of our 
globe ; if, further, we should acknowledge that in the course 
of the last twenty years the zeal and the perpicuity of geo- 
logians devoted to this part of the zoology and botany which 
bdongs to their science, have obtained the most extraordinary 
results in this domain, aifd have arrived at the solution of 
problems the most difficult, iC ought not to be a case for doubt, 
that the chemical side of geology has not at least attracted 
that regard which it merits. But as it is certain that essen- 
tial modifications, which our globe has suffered in anterior 
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S »ochS| have been prodnced by chemical forces it will result 
erefrom, that the geq^ogian must necessarily study the mas- 
ter of the globe underia point of view purely chemical. 

In order to arrive in the fidd of research at results which 
have some value in science, we ought to take the sa^ie ways 
by which the geognostic zoologists have acquired the^ know- 
ledge which they possess on the organic life of primitive 
world. We ought to study with the greatest degree of care 
each particuia|(* geo^ostic product ; we ought to determine 
also, as exactly as it is possible, ^e mutual relations of these 
products in the^y nature, both chemical and physical, and in 
their chronological succession; and, at the same time, to 
make the most scrupulous comparison between the product 
which we obtain by the aid of chemical forces yet active at 
the present day, and the inorganic bodies of the primitive 
world. In a word, we ought to commence by creating a geo- 
chemic comparison before we can possibly have a true geology, 
before the mystery of the creation of our world can be dis- 
covered, and the masses which compose it. But in order to 
arrive at this elevated and truly gigantic end, which is proposed 
to science, it is necessary not only to take advantage of all 
the men who possess not only all the knowledge which plilo- 
sophy and chemistry is able to furnish, but also who are en- 
dowed with that rare faculty of grouping and collecting, under 
different,* general points of view, those masses of particular 
facts, and to discover a relation and connexion between phe- 
nomena altogether strangers in appearance. It is necessary 
that there arise a man who will be to geological chemistry 
that which Cuvier has-been to the anatomy of the animal fos- 
sil kingdom, and* what Newton has been to astronomers. 


XXX . — On Electro-type from Engraved Copperplates. 

By Samuij. Cartwright, Esq. 

Having been favoured by Samuel Cartwright, Esq., of 
Preston, with an excellent specimen of printing on address 
cards, from an electro-type plate w^hich that gentleman had 
made, 1 immediately wrote to him requesting that he would 
favor me with the plate, in order that 1 might be enabled to 
place specimens of printing, from it, before the readers of 
these Annals. Mr. Cartwright finding that he could not 
comply with this request, in consequence of the plate being 
presented to the Lancaster scientific exhibition, immediately 
proceeded to prepare another, which, as soon as ready, was 
very kindly presented to me by that gentleman, who waited 
on me at this Institution for that purpose and^ in the most 
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liberal maimer, communicated to me all the particulars of the 
process, whidh is the following. « 

To the back aide of the engravep plate intended to be 
copied, is soldered one end of a copper wire ; and to the 
other cQd of that wire is^soldered the zinc plate of the opera- 
ting vdltaic battery, which consists of a single pair of metals 
placed in a porcelain jar, having the copper side in a solution 
of sulphate of copper, and^the zinc side in water, or in salt 
and water. To the farther end\)f the conducting wire be- 
Ionging|to the copperside of the battery is severed another 
copper plate, about the size of the engraved jme. When the 
battery is prepared, the] two copper plates at the farther ex- 
tremities of its wires, are to be placed in a strong solution of 
sulphate of copper, the engraved one with its face upwards, 
and the other directly over it, but not to be in contact with 
each other. With this arrangement, the cuperous solution 
becomes decomposed, and the liberated copper is precipitated 
on the face of the engraved plate : whilst the copper plate of 
copper in that vessel, suffers dissolution, and feeds the solution 
with fresh portions of copper. 

At the end of about three days the newly formed plate will 
be thick enough to remove from the engraved one, and the 
impression will be a very faithful copy of the original one. 
having the letters and other characters in relief, similar to 
those on a card printed from the engraving. • 

Since Mr. Cartwright's visit to this institution, Dr. Good- 
win, of this town, has taken a very good eledtro-type plate 
from the engraved copper-plate from which his address cards 
are printed ; and several other gentlemen are now preparing 
electro-type plates by similar means. • 

From my bwn experience, I find that the dissolution of the 
copper-f)late, which is connected with the copper side of the 
battery, is very rapid, and when thin, if care be not taken, 
small fragments from it will fall down on <he lower plate, 
which, if not removed, might injure the process. To pre- 
vent any accident of this kind, 1 put the upper plate in a 
muslin bag, which prevents the fall of any fragment. If) 
however, the plate be sufficiently thick to outlast the process, 
there will be no need of this precaution. The face of the 
electro-type plate is as smooth as the original, and every 
scrattih, however minute, will be faithfully transferred. 

• WILLIAM STURGEON. 

Royal Victoria Gallery, for the 
encouragement of Practical 
Sciencci Mancheeter. 

P, S. — On my requesting to print from Mr. Cartwright’s 
electro-type ‘plate, I received the following letter. 
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■■ jDear Sir, — have no objection to your publishing, as yon 
desire, tibe Electrotype 1 made for you ; but faiist request 
. that your readers 'msy{ at the same time, be informed that I 
Consider it 'rery inferior to what a more practised person 
would produce. — It is, only llie second 1 hare made ^o print 
from* and Imfore attempting this process 1 never constructed 
or used a galyanid Qattery. — My /eason for sending it to you 
was, as 1 havC'Jtefbre stated,, to shew that the process may be 
performed by any person who will take the trouble of reading 
ddi accounts’olitpublished in you Annals of Electricity, and 
otbeir^eriodica!^. 

. l%e pl^te is just as it came from the Battery, no graver, 
bum|iishm‘, or even charcoal has touched it, except in drawing 
the ime under my name, to distinguish its impressions from 
diose of the origmal jilate. 

Yours truly, 

SAMUEL CARTWRIGHT. 

Prestonj 21st Aug. 1840. 


The next business is to proceed with the new electro-type 
plate, in the same manner as had previously been done with 
the engraved one ; and a facsimile of the latter will be ob- 
tained. The process should be continued four or five days to 
give sufficient thickness to the plate to be printed from. 

In order that the electro-type may leave the original plate 
without injury, Mr. Cartwright covers the face of the latter 
with bees’ wax, aqd whilst warm wipes of the greater part, 
leaving only a thin film. The back part of the original plate 
and its conducting wire are covered, with sealing-wax garnish, 
to prevent unnecessary deposition of copper on those parts. 

In the electro-type plate will be seen two specimens, one 
from the electro-type, the other from the original plate. 

W. S. 


* When dectro-typp copies of medallions are to be formed in casts of plaster or other porous 
materuds, Mr. Spencer gives the following ingenious mode of giving those matrices the necessary 
surlhces. , 

The porous matrix is tb be dipped into a weak solution of nitrate of silver, a portion of which 
becomes' absorbed. It is next ei^sed to the tames or a watin alcoholio solution of [^osphorous, 
and the abatnbed nitrate of silver becomes decomposed. 

Mr, Parry, an ingenious gentieman of this town, has latelv obtained good eleotro-type im- 
pressions from the green leaves of trees, by properly placiog those leaves so as to receive the 
deposited copper by voltaic copper.— W.!7. 
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XXXL-,MISCELLANEOt|s ARTICLE. 

On the Application of Electro^Magnetism as a Motive 
Powef ; in a Letter from Prof. P: Forpes^ of Aberdeen, 
to Michael Faraiuy» D. C. Lj., &c. 

King’s pollege, Aberde^, Oct. 7, 1839. 

My dear Sir, Hairing s^n a notice from Mh Jacobi sent 
by you to the London and Edinburgh Philsophi^al Magazine, f 
regarding the success of his experiments on the production of 
a moving power by electro-magnetism, I am sure it will give 
you pleasure to know that a countryman of our own, Mr. 
Robert Davidson, of this place, has been^eminently success- 
ful in his labors in the same field of discovery. For in the 
first place, he has an arrangement by which with only two 
electro-magnets and less than one square foot of zinc surface 
(the negative metal being copper) a lathe is driven with such 
velocity as to be capable of turning small articles. Secondly, 
he has another arrangement, by which, with the same small 
extent of galvanic power, a small carriage is driven on which 
two persons were carried along a very course w^ooden floor of 
a room. And he has a third arrangement, not yet completed, 
by which, from the imperfect experiments he has ‘made he 
expects to gain very considerably more force from the same 
extent of galvanic power than from either of the other two- 
The first of these two arrangements were seen in operation 
by Dr. Fleming, Professor of Natural Philosophy in this 
University, and myself, some days ago ; andthere remains no 
doubt on our^inds that Mr. Davidson’s arrangements will, 
when finfehed, be found available as a highly useful, eificient, 
and exceedingly simple moving power. He has been busily 
employed for the last two years in his attemptS to perfect his 
machines, during all which time I have been acquainted with 
his progress, and can bear testimony to the great* ingenuity 
he has shewn in overcoming the numberless difficulties he has 
had to encounter. So far as 1 know he was the first who 
employed the electro-magnetic power in prodneing motion by 
simply suspending the ihagnetism without a change of the 
poles. This he accomplished about two years ago. About 
the same time he also constructed galvanic batteries on Pro- 
fessor Daniell’s plan, by substituting a particular sort of 

* Communicated by Dr. Faraday, 
f See L. & £. Philos. Mag. for. I^pt., p. 164. 
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caanras instead of gat, w)dch snb^ution answers perfectly, is 
very durable, and be made oi^y form' or size. And 
lasUy, be has ascertained the kind ^ iroQ, and the mode of 
.working it into the test state for producing the strongest 
mi^ets with c^aihty. , ^ 

.. The first two ma.chmes, seen in operation by Dr. Flemming 
and myself,, are exceedingly simplf,. without indeed the least 
com^exity, aVid therefore easily manageable, ^ and not liable 
to derangemi^t. They also ^take up^ very little room. As 

J et extent of power of which they jtre c^mble has not 

een at all abpertmned, as the ^ze of battery employed is so 
trifling and the magnets so few: but from what can be jugded 
by what is already done, it seems to be probable that a very 
power;; in no degree inferior to that of steam, but much 
Ipore^ manageable,^ .much less expensive, and occupying 
. .greatly less .space, if the coals be taken into account, may be 

' V^^ j^r^the invemionS of Mr. Davidson seem to be so 
inj^r^ding to rail-rds^df^roprietors in particular, that it wouM 
. for ' their interest to take up the the subject, and be 

ik expense pf making the experiments nece^a^ to bring 
t^pbwer into operation on the great scale, which indeed 
. wisuM' ba very trifling to a company, while it is very serious 
for ad individual by no means rich, and who has already ex- 
/pended so much of his time and money for the mere desire 
of perfecting machines which he expected would be so bene- 
flci^ to Kis country and to mankind. For it deserves to be 
ipentioned that be has made no secret of his operations, but 
shewn and eimlained aU that be , has done to every one 
^ who* wished it. ^His ihotivCi|L have been quite disinterested, 
Uud I fibml deem it a reproi^ to our countryr and country* 
men if he be allowed to languish in obscurity, and not have an 
oppojrtunity afforded him of perfecting his inventions and 
bringing tbem^into operation, when the {uromise to be pro- 
ductive ei such incalculable advantages. 


L. a £« Philoa Magr. 
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MARCH, 1840. j 

Considerations on Chemical Forces ; liy M. Gay Lussac.— 
Fiust Memoir on Cohesion* 

I purpose presenting, successively, in several memoirs, some 
rcflecticms on affinities; this subject appears to me one of 
great interest, but it is. very difficult, and in entering upon it 
1 should wish to reckon upon the indulgence and favorable 
concurrence of chemists. 

In the year 1718, a time when chemistry was yet obscure, 
GcofTroy, the elder, endeavoured to cla.^ify bodies according 
to the chemical relationship observed between them. He 
established tlib proposition, that, whenever two substances 
which hade a disposition to join together, are found in con- 
nexion, if a third which has a greater inclination for one of 
them, approaclt, it will unite to that, and canse'xt to abandon 
the other. 

For the support of this ]woposition, Geoffiroy made a very 
simple table of the relationship between the different sub- 
stauccs, then known. It is printed in the Memoirs de V Acade- 
mi royale des Sciences, for the year 1788, page 202; but I 
thouglit it would be interestiim to reproduce it here, as a 
historical monument, such as Geoffroy has given, replacing 
the chemical symbol of each substance by its proper name. 

,* From the Compte Rendns ; translated J. H. Lang, Esq. 
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The substance, at the head of each column, is compared with 
those beneath in a decreasing order of affinity. Thus, in the 
first oelumn^ &deitt spirits (or acids) a greater affinit? 
for fixed than for volatile alkali salt, absorbing earths, an^ 
metallic substances. In the fourth column, it is the oily 
principle^ or primitive which has the greatest affinity for the 
sulphur^ acid: afterwards come the fixed, and volatile alkafi 
salts, alkali salt, absorbing earths, iron, copper, and silver. 

Examining the difierent relations expressed iu each column . 
of the table, we perceive that Geoffroy, has confounded the 
efifects of affinity, which ought to have been separated from 
one another, and has compared some things which are not 
comparable. Thus the decomposition of sulphuric acid by 
the pretended primitive sulphur, iron, copper, and silver, 
cannot be assimilated to the affinity of this acid for their bases. 
But this is not surprising, as in the time of Bergman, half /i 
century later, the same confusion still existed. Geoffroy, bad 
not accompanied his table with &ny explanation, he was 
limited In making the application of it to the preparation of 
corrosive sublimate by several processes, and he has done it in 
a tolerably successful manner. Geoffrey's table, notwith- 
standing its imperfections, is a fine conception ; it is also the 
first progress made in philosophical chemistry. 

It appears that for some time but little importance was 
attached to Geoffrey’s table of relations. Subjected to se- 
veral disturbing causes which often made them vary, they were 
considered as vague, indeterminate, and entirely dependent 
upon circumstances. 

But Bergman, thinking that all the operations of chemistry, 
synthesis or analysis, were founded upon attractions which 
were not understood, because they were subjected to certain 
conditions, which incited, stopped, or disturbed them, at last 
drew the ^attention and interest of chemists to the causes of 
chemical phenomena, and his dissertation, De affinitatibw 
eUctiviSf published in 1775, also fixed a remarkable epoch in 
the history of the sciences. 

Bergman distinguished in a body the attraction of similar 
molecules, which he designated by Uie name of attraciion 
oggregation; and the attraction of heterogeneous molecules, 
which he calls attraction of composition ; when this acts so 
that one substance displaces another in a compound, it then 
takes the name of simple elective attraction ; and if it act 
between two comppunds, whose elements may be reciprocally 
changed, it takes that of double elective attraction. 

Notwithstanding the opinion which some chemists had of 
the inconstancy of affinities, Bergman appeared to consider 
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ihem as absolute, determinsd forces, but whose eff^ts cQuld be 
modified by certain causes, the influence«>of which he often 
appreciated in an ingenious, though sometinies very incom- 
plete manner. ^ 

The first of these causes he found in the difference of 
volatility of substances presented in the same sphere of action. 
Bergman conceived that the difference in the affinity of two 
substances for a third, at a given temperature, might be more 
than compensated at a higher temperature, by a difference of 
volatility in favour of tlm substauce which had less affinity 
than the other, but more fixity. 

Before Bergman, the results' of the affinity between three 
substances were confounded with those in which there were 
four, that is, the products of the simple elective affinities with 
those of the double affinities ; and as they are really very dif- 
ferent, an objection was raised, from this circumstance being 
badly comprehended, to the theory of affinities. Thus, from 
the table of peoffroy, filed alkalies have a greater affinity 
than lime for acids, since in fact they separate it from the 
gypsum. However, it is said, that if we dissolve chalk in 
aquafortis, and add a solution of vitriolated tartar, the gypsum 
regenerates immediately; a proof that the calcario us matter 
here manifests a greater power. Bergman remarks with pro- 
priety, that the two circumstances are very different, since iu 
one there are only three, w'hile in tlie other, there are four 
substances present. He explains the reproduction of the 
gypsum in the mixture of nitrate of chalk w'ith sulphate of 
potassa, from the double elective affinities, conceiving the 
sum of the two active affinities to be greater than that of the 
quiescent. The explanation is certainly ingenious, but at 
present it is not enough. 

The effects of affinity may, according to3ergman, be 
further disguised, and the theory blamed, by unexpected 
alterations in the substances present: — for example, nitric 
acid separated marine acid from its alkaline base, a fact which 
has been known for some time ; but Mayraf has discovered 
that marine acid can, in its turn, displace nitric acid in salt- 
petre. While ignorant of the true nature of marine acid, says 
Bergman, this reciprocal displacement of one acid by another 
has escaped all explanation ; but now we know that marine 
acid contains some phlogistic, all difficulty vanishes. Nitric 
acid displaces muriatic by simple affinity ; the latter yields , its 
phlogistic to the nitric acid, whether it be free or combined 
with a base, and hence their redprocal displacement becomes 
the consequence of this alteration. It is also thus that white 
arsenic (arsenious acid) decomposed by distillation salts 
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formed by nitric, but not those formed by mi^ine acid, because 
they also contained a certain quantity of phlogistic. 

Bergman equally well explains the ahomalies of decompo- 
sition due to solubility. It happens, says this illustrious che- 
mist, that at first no trace of decomposition appears, though 
it has r^ly taken place ; thus vegetable, displaces mineral 
alkali from its combination with acids, although we perceive no 
conglomeration, no precipitate ; this circumstance nas caused 
some celebrated chemists to conclude that vegetable, has no 
power over mineral, alkali. But let us suppose that a little of 
this latter has been eliminated,^ is it separated ? — ^certainly not ; 
it remains in solution : for if we evaporate it we shall obtain 
crystallized mineral alkali, wnth which we could produce 
Glaub(‘r’s salts or quadrangular nitre. 

I shall here conclude these quotations. They are sufficient 
to shew that Bergman has deeply studied the theory of affini- 
ties, and enriched it with numerous and useful observations. 
What he says of simple elective affinities is in general exact. 
The imperfections that we remark in it, extend even to the 
state of the science, still uncertain and often obscure in its 
march ; and perhaps the Chemical Statics has made us too 
quickly forget the real services Bergman has rendered to philo- 
sophical chemistry. 

In what concerns double elective affinities, with the equili- 
brium of active and quiescent forces, Bergman has certainly 
shewn great clearness : his explanations are seducing ; but 
he has not understood the correct explanation of the precipi- 
tates, obtained by the concourse of double affinities. 

Bergman, in imitation of Geoffroy, has explained nothing 
concerning the measure of affinities, and -he was right. This 
question is even now a delicate one, and nob at all easy of 
access. He has confined himself to arranging the bodies by 
their greater or less affinity. 

Such were the ideas of Bergman on affinities, which were 
prevalent 'till Berthollet published his researches on affinity, 
and his Chemical Statics, but, they were then eclipsed by the 
great eclat thrown on these two productions. 

Berthollet, in the study of affinities, was engaged with two 
principal ideas : the influence of the force of cohesion in che- 
mical phenomena, and the proportion of affinities, which he 
thought to find in the mass of bodies that enter into com- 
bination. 

According to this illustrious chemist, cohesion or reciprocal 
attraction of similar molecules is a powerful force which can 
balance the affinity of heterogeneous molecules, and determine 
combinations and decompositions. 
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^ exist at the tisie it shows its effects only, hot 

even along time before it becomes effective He shews 
from: this analogy, {bat as soon as a liquid bektmes ^eous, 
and a gas liquid, the dilation of the former, already inluenced 
by the gaseous state it is about to take, and die contraction 
of the second, influenced by the liquid or solid state it is 
taking, follow a progression more rapid than the greitest dis- 
tance of this term. But this argument of Bergman for the 
establishment of the influence of cohesion, some time before 
Its effects are manifested,'' remains without foundation, when 
we consider that there is no nniaue, constant point for the 
change of a liquid into an elastic nuid, and reciprocally; but 
on the contrary, this change is incessant at all temperatures 
and under all pressures. 

Whatever opinion others may form from Berthollet^s de- 
monstration, it iscSufficient for me to state that be adopts the 
pre-existing influence of cohesion, and that he has made it 
enter into Sil the precipitations and chemical solutions. The 
aflkiity,' says he, which may produce the solid state, ought to 
be conridered as a force which not only acts when the solidity 
appears, but even before that time ; so that every time he 
produces a solid substance, whether by separation or combi- 
nation, we must look in the reciprocal action of the parts 
which acquire solidity for the cause itself which produced it, 
although it may not be manifested before. 

The theory of decompositions has received from Bertbollet 
unexpected improvements. We* are indebted to him for the 
principle that the change of acids and bases between two salts 
takes place, every time the salts proceeding from the change or 
only one of them, l^ve less solubility than the given salts. 
Xbis principle is of a fortunate fertility, and, we may say, con- 
stitutes one of the finest acquisitions of chemistry. But Ber- 
thollet taking cohesion for the first cause of douUe decom- 
position, does not appear to me to have given the true demon- 
stration of it. He supposes it is the cohesion of the salts 
not yet existing, which nevertheless determines their formation, 
md this ' supposition is inadmissible. For if we can agree 
with him that the cohesion begins to act in the solution of a 
salt before the time of crystauization, there is no more of it 
even when the salts do not exist any longer, as in the case 
o| tlie mixture of two saline solutions- 

Bergman supposed that affinity was an absolute force, ad- 
^sitting no division in its effects; and had only established 
pstong bodies a relative affinity. Bertbollet, on the contrary 
bdieved that affinity was not used in an absolute manner, with- 
out cfivision ; that thus a base in the presence of two acids 
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did exckunvely coaU>me wUh tike moat poweifii], as Borg- 
mea thoi^ht: bub that it divided iteelf between the two m 
proportion to their afl^ty and quantity, dlence the principle of 
fiertbollet, that the affinity cf different Odds for the acme aOtor 
line jbaae, it in the inverse proportion to the ponderable quanr 
tity afeqch of thewy which is necessary for the neutralisation 
of an quantity of the seme alkaline base. At present, 
uid, I may say, for some time past, this measure of affinity has 
been abandoned ; At the time BerthoUet wrote his Statique 
ehimique, the atomistic theory was^ but little understood, and 
some years later, BerthoUet would certainly not have pro- 
posed a method of measuring affinity that gives nothing else 
but the atomic weights or equivalents, which we know to be 
independent of chemical attractions, or at least to have but very 
distant connexions with them. 1 hope hereafter to be able to 
return to this subject, as weU as to the division of one. sub- 
stance between two antagonists. For the present 1 shaU con- 
fine my observations to the force of cohesion, since it is made 
to take so large a share in most chemical phenomena, and as it 
is of the utmost importance to the better appreciatbig its real 
influence. 

The attraction of hetreogeneous molecules has been rightly 
distinguished after Bergman, from that of homologous or sim- 
ilar molecules, which has also been designated by the name 
of aggregation, and since BerthoUet, by cohesion. These two 
forces have, without doubt, the same ongin, but not appearing 
to have any common tie in different bodies, their effects could 
not be confounded. 

Cohesion itself takes different names from the lights in 
which we consider it. It is caUed tenacity, when weight or 
force is opposed to it for determining t^e rupture of a body. 
It is called hardness, when taken for the resistance one body 
offers tojanother with which we wish to cut it. Tenacity, 
and hardness are evidently cohesion itself ; or at least they both 
essentially depend upon it. Bodies which have*the most tena- 
city are also generally those which have the greatest hardness 
or, according to our notions, the most cohesion. Nevertheless 
this ought only to be understood of uncrystaUized bodies, be- 
cause, for crystallized bodies, there exists an easy cleavage, 
and we can very weU conceive that there may exist notable 
differences between hardness and tenacity, according to the 
direction of the rupture and separation of the particles. 

Comparing amongthemselves the three states which the same 
body can take, we nave been led to make each of these states 
dmiend on the relation of the peculiar cohesion of the mole- 
culeB of this body to their repulsion. It is very certain tiiat 
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the cohesion is the greatest ; in liquids it is muqh less^ 
it is always something, since there is nq liquid which does 
Blit take the globular /orm, and that a drop suspended from 
a.ao}id, may be divided into two parts, of which the lower 
adheres to the higher, notwithstanmng the weight which in* 
cUnes it tq fall* 

The word cohesion^ in a chemical point of view, is taken 
under another acceptation* Here the action is complex ] the 
body to be dissolved and the solvent are both present, and 
each acts on the other. . The resistance the one offers to 
the other is called insoluhility, which must never be taken. but 
in a relative sense. This resistance, let us now say, insolubility, 
depends essentially, according to the established belief, . both 
on the cohesion or reciprocal attraction of the similar mole- 
cules of the body to be dissolved, and its affinity for the solvent 
we present to it. So that it is supposed, if the body, instead 
of being solid, were"" liquid, the solvent would take a much more 
considerable quantity of it. 

This, if 1 mistake not, is the opinion commonly formed of 
chemic^ cohesion and solution. Not being able to divide it 
nicely, and proposing to discuss it, I thought I ought here to 
introduce these details, which their shortness will without 
doubt excuse. The progress of science brings daily new modi- 
fications into our ideas, and it is very necessary to fix the 
starting point of a discussion, if we wish it to be clear and 
useful. 

But before treating of cohesion with regard to its influence 
in chemical phenomena, I shall allow myself to turn my atten- 
tion to a physical operation which also appears connected 
with cohesion, and appesH-s to me very proper to throw light 
on the method of influence of this force, I speak of volatiliza- 
tion. 

1 suppose a volatile body, able to present itself upder the 
solid and liquid forms within the limit of temperature acces- 
sible to observation ; water for instance. , If tlie elastic force 
of its steam be determined, starting from 20 below zero, at 
which it is solid and possesses a great cohesion, we find that 
the progression of this elastic force, is no way Reeled by the 
passage from the solid to the liquid, or, reciprocally, from 
that part of the liquid to the solid state, that is to say, that 
the elastic force of ice at 2 ero is precisely the same as that 
of water, at the same temperature ; a similar observation for 
every other degree of the thermometer at which we can find 
water at the same time in the solid and liquid state, the elastic 
force of steam will remain the same for both; and, however^ 
without exactly deciding the degree of cohesion of ice, in com- 
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partson with that of water, we may admit that it is mcompol 
rably greater, perhaps more thsin a thousand times. 

This observation which struck me seme time ago I have 
verified on hydrocyanic acid, which we know solidifies at about 
15 below zero and still preserves a very great volatility. ' The 
progression of the elastic force of its steam, has been no 
way affected at the time of the change of state ; and this 
result may be considered as general. 

Hence there is no relationship between the cohesion or 
attraction of the molecules of a^ body and their repulsive 
force ; the one is consequently quite independent of the 
other and the elastic force di steam is only determlnd by the 
number of molecules able to maintain themselves in a gas- 
eous state, in a limited space at a given temperature. 

However when we consider that salt w^ater produces a 
steam whose tension is less than that of pure water, at the 
same temperatures,* a result which can only be explained 
by an affinity of the aqueous for the saline molecules, we may 
ask, in assimilating this affinity to that of water for its own 
molecules, if the space above a siirface of watjer is really satu- 
rated with steam, that is to say, if the equilibrium established, 
the least cooling of the steam taken from the action of the 
water, the least reduction of space would not occasion the 
precipitation of a certain quantity of steam ; or whether, for 
the same space above salt water, the saturation is not com- 
plete, so that the steam taken from the action of the liquid 
might be cooled or reduced in volume within certain limits, 
without the least precipitation of its molecules. 1 am dis- 
posed to believe thf^t the space above pure water becomes 
completely saturated with steam, fronn the consideration that 
the difference of the attraction of the molecules of ice among 
themselves, tq,that of the molecules of w ater, avails nothing 
in the el^tic force of the steam of each of these bodies, taken 
at the same temperature. Nevertheless, the experiment does 
not appear to me less interesting to try, and althcugh very deli- 
cate, I propose to prepare for the execution of if. 

The observation tliat the elastic force of a body remains 
constant at the instant of the change between the liquidity 


* It has been pretended ^at the stream which comes from an aqueous saline 
solution, boiling later than w'ater(Ht II O'* for instance) was always at 
This is a rerj great error ; steam bus always the same temperature as tlie last 
liquid bed it traverses ; bat what ha? caused the deception is, that steam, as 
alM every other elastic fluid, cools very rapidly until the time of their condensa- 
tion, when the cooling is more powerfully compensated by the liberation of 
their latent caloric.. 

VoL. ly.— No. 23, Afarch, 1840. B B 
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aad solidity, doubtless clashes with the recriired ideas relative 
to the molecular constitution o£ each of these ji^tates ; but it 
would not oppose tbetn less even if we derived from it the 
consequ^t, tnat molecular attraction is the same for a liquid 
as for a solid at the instant of the change of state ; for this is 
accompanied with variations as much in the volume of the 
body as in its quantity of caloric, which appears to announce 
a great alteration in its molecular constitution. And whether 
the molecules in taking the solid state, are only caused to 
approach; whether they dre placed together otherwise; or 
finally whether they unite in small geometrical groups which, 
by their arrangement, would modify the volume of the body; 
results all of which, depend necessarily on another mode of 
action in the molecular forces ; at least it is certain from our 
scientific analogies, that they are them in very different con- 
ditions from what t^ey were before the change, and it is still 
very remarkable that their elastic force is indifferent to all 
these pertubations. 

These preliminaries established (and 1 consider them of 
great importance from their connexion with the principal 

a uestion which I have started) I shall turn my attention to 
iie effects of cohesion, and follow them up more particularly 
in solutions. 

We will look for some bodies uniting the double condition 
of being soluble in a solvent, and of being able to appear 
solids and liquids within accessible limits of temperature for 
the determination of their solubility. 

Among salts 1 do not know of any which combine these 
two conditions. 

^Among acids, I fought camphoric acid, of which we find 
a table of solujbilitjr in Berzelius, from Brandes, would 
furnish me with an example of solubility undsr the desired 
conditions ; and in fact this acid whose fusibility is given at 
63^, appeared to show a solubilify above and below this 
point, which was subject to a law oi regular continuity. But 
wishing to repeat these experiments of Brandes with some 
camphoric acid, such as is obtained from M. Leibey, I per- 
ceived that this acid would not fuse even at 300^, and conse- 
quently I abandoned it. 

, Among inflammable bodies, cetine, paraffine, fat solid acids, 
present no anomaly in their solubility in alcohol while passing 
from the solid to the liquid state ; the progression in pr<^r- 
tion as the temperature increases is perfectly continuous and 
regular. I shall give by and by these different solid>ilittes, 
regretting, much, that I have not among the salts more 
conclusive examples. 
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But (lie eohesion of these different bodies while they are 
solid being greater than when they are liquid, and their solu- 
bility not being disturbed at the instant of changing from 
one state to another, neither before nor after it is ab^lutely 
necessary that it be independent of the cohesion. 

Further, if I take the solubility of an oil in aleohol I find 
that it^acts in general precisely like that of a solid, although 
liquid, that is to say without great cohesion ; the solubility, 
very feeble at a low temperature goes on increasing progres- 
sively with it. Thus a body whether it remains constantly 
liquid, or whether at first solid it afterward becomes liquid, 
presents under each of these circumstances the same kind of 
solubility. 

Gaseous substances themselves such as chlorine, do not seem 
to me to undergo any alteration in the progression of their 
solubility at the moment of their change of state. 

Finally, if the cohesion of a salt had a great influence 
over its solution, the solvent would never be completely 
saturated by simple contact with it, and the solution separated 
from the salt, might be reduced in temperature a certain 
number of degrees without giving up the salt. But it is 
not 80 , setting aside the accidental circumstance of inertia of 
the molecules, the solution gives up salt immediately it be- 
comes the least cooled. 

Hence 1 am inclined to think cohesion has nothing to do 
in general with solution. As the elasticity of vapours, so, the 
solution of a body, varies with the temperature ; it is doubt- 
less, also connected with the reciprocal affinity of the solvent 
and the body dissolved ; but the efiects of affinity not being 
variable with the temperature, while t^^e of solution depend 
essentially upon it, it would be difficult not to admit that in 
solution as in evaporation, the product is essentially limited 
to each degree of temperature, by the number of molecules 
able to exist in a given portion of the solution ; they separate 
themselves for the same reason as the elastic molecules are 
precipitated by a decrease of temperature; and probably also, 
like these latter, by the compression and reduction of volume 
of the solvent. 

Thus when the temperature decreases in a solvent saturated 
with a body, the molecules in excess with regard to the new 
temperature will be precipitated, not by virtue of the cohesion, 
which we suppose ought to incline them to separate and 
but because they can no longer be maintained in 
the solvent as takes place for a vapour saturated space which 
has just been cooled, hence it would be of but little matter 
whether the molecules repulsed from the midst of a solvent. 
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ont^e ideparated, took the solid, or liquid; or even the 
elastic form. • ^ 

Whenever solution i^ essentially connected with vaporisation 
in this manner, that both are dependent upon the temperature 
and obedient to its variations. Hence they ought both to 
afford, if not a complete identity of effects at least a great 
analogy: their essential difference consists in the gaseous mole- 
cules not having need of a solvent to keep them in a given space 
their repulsive force being sufficient for this purpose. On 
the contrary in the solution of a solid or liquid body, the 
molecules could not keep themselves in the space ii they were 
connected by affinity with the molecules of the solvent. This 
condition fulfilled, the solution following its particular course, 
yielding to temperature *as every vapour has also one particu- 
lar to itself. 

Hence the analogy which solution and vaporisation have 
holds to their complete submission to temperature ; and as the 
variates it appears to me incontestable, that the clastic 
force of the vapour of a body is quite independent of the 
state of this body or of the cohesion of its molecules since it 
remains constant when the latter varies, I shall still be dis- 
posed to admit from these analogies that solution is regularly 
independent of cohesion. 

However, if there exist analogy between vaporisation and 
solution, we may ask, why w^hile the elastic force of vapours 
follows a regular ascending law, the solubility of some salts 
such as sulphate, selcniate of soda, presents all at once a 
point of repulsion and a decreasing course. 

I shall remark first that the difficulty remains the same 
whether there be anyinalogy between vaporisation and so- 
lution or not, and thus it cannot constitute a serious objecti- 
on ; in the second place the retrograding point in^the solution 
of some bodies, may be easily explained by the consMeraton 
that at this point it is no longer the same body which conti- 
nues to be dissblved. Thus for chlorine from 0^ to about 8® a 
space of temperature during which it is in a hydrate state, 
thesolubilty is ascending but at this latter point, the hydrate is 
overcome and immediately, as the solubility follows a decreas- 
ing progression as far as 100, at which it is almost nothing. 
This is very evidently hydrate of chlorine which is dissolved 
from 0° to 8^ above that of chlorine only. Finally for sulphate of 
soda, the decrease of the solubility in proportion as the temper- 
ature increases above 33^ may be attributed to a diminution of 
affinity. 1 shall return to the soldbility of this salt. 

As there is some interest to know whether a salt susceptible 
of forming a hydrate, dissolves in water, hydrated or anhy- 
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drated, 1 shall mention a fact which seems to me necessary to 
remove the uncertainty : it is that, whenever an anhydrous 
salt, or any ^tber body not having the property of forming a 
hydrate, is dissolved in water, there is constantly a produc- 
tion of cold; and that, on the contrary, when the salt can 
form a hydrate, there is a production of heat. When the 
hydrate is complete, before the solution in water the case is 
the same as when the salt cannot be hydrated. We may 
perceive that it might sometimes happen that the heat pro- 
duced by the hydration was lesslhaa the cold produced by 
the change of state, but I have not yet perceived any excep- 
tion. The fact that 1 have just particularised will also esta- 
blish a fresh analogy between solution and vaporisation, 
relatively to the heat rendered latent in the change of state. 

In comparing solution with combination, we may assign 
a remarkable diflFerence between them, ^ viz. that solution 
varies at every instant with the temperature while combination 
is not similarly obedient to these variations. 

If my observations be correct, they will greatly weaken 
the influence which Berthollet has attributed to cohesion in 
all chemical phenomena; but I feel too much the w'eight 
of this illustrious authority not to be, in defiance of my 
own arguments, and not to be staggered in my new con- 
victions. It is with this sincere feeling of doubt, that I 
shall indicate some applications of the light in which I 
consider cohesion. 

Berthollet has often repeated that when one body precipi- 
tates another from it, it is not always an indication of a 
superiority of aflinity ; that it is the cohesion which takes the 
precipitated wliicli determined the deco^osition. 

From the principles which I have estlablished, cohesion on 
the contrary ,^has only a secondary place in the precipitation, 
as in tli^ solution : tlie precipitation is a constant proof of a 
greater affinity ; cohesion only shows it by rendering its effects 
sensible. 

With regard to decompositions by double affinity, our 
explanations are equally divergent. If W'e submit a solution 
of sulphate of soda with one of nitrate of lime it makes a 
precipitate of sulphate of lime, and nitrate of soda remains in 
solution. 

Bergman explains this result by saying that the sum of the 
active affinities which are in motion carries it over that of the 
quiescent affinities. 

According to Berthollet -there is a double decomposition, 
because the sulphate of lime is the most coherent of the "four 
salts which may be conceived from the mixture in the solution, 
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pvevkMuljr to ' afl preemption. Beithellet/ ooneeived that 
althoip the sulphate ot lime does not exist,* still the eohesioii 
mhstii'It must take determines the formation of k as well as 
the separation. 

Thu explanation I believe has never appeared satisfactory. 
As long as the sulphate of lime is expectea not to exi|t in the 
solntkm, the cohesion that it should take cannot be cited to 
explain its formation and precipitation; and for the same 
reasons we can no more invoke the insolubility : it does not 
determine the change as a first cause, it only renders it sensi^ 
ble and effective, when it has been used in determining the 
separation of its products. What then is really the cause 
which presides over the decompositions by double affinity ? 

If we turn our attention to the precipitates resulting from the 
action of the double affinites, we find that those are not the most 
stable precipitates vvhich contain acids and the most powerful 
bases. Thus sulphate of potassa although formed of elements 
endowed with a powerful affinity, is transformed in its mixture 
with acetate of lime, into sulphate of lime, the base of which has a 
much less affinity for the sulphuric acid, than the potassa. In 
the mixtitre of sulphate of lime with carbonate of ammonia, 
the lime is precipitated with the carbonic acid in a much less 
stable combination than it formed at first. It would bo easy 
to give many s imil ar examples. 

Hence it will not be correct to say, that after the mixture 
of two saline solutions, the strongest acid always combines 
with the strongest base; it would appear on the contrary, 
that the salts in a state of neutralization, may change acids 
and bases independently of their reciprocal affinities. 

Judging only by tbe results of experiment, the change is 
manifested by the precipitation of a new insoluble salt alone, 
whose formation, according to BerthoUet, would even be the 
caiise of the change. But as the reasons he has giyen for it 
are not satisfactory, we may ask, if the cohesion cd a salt not 
yet existing, or its insolubility, which does not even carry the 
idea of cohesion, can exercise tiieir action before the formation 
of- tiiis salt' and be the real cause of it.; or rathm: even, if not 
being able to determine this formation they only exercise their 
influence afterwards, causing the separation of one of the new 
salts produced at the moment of the mixture. 

To myself, after the observations I have presented on the 
slight influence of cohesion in solutions and chemical predpi- 
tations, the question does not appear doubtful. 

1 shall recw to mind first that the solubility of a solid body 
in a flolvent, is no way affected by the difference of molect^ 
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•ttraotioii between tibe solid and Hquid state, that consequently 
the dmnge qannot be affected any longer. 

But to theie consideratLons we may add others whibb appear 
to me of great weight 

The change between the acids and bases of two salts may 
take place, according to Berthollet, in several ways. Besides 
the insolubility which most usually determines it, a difference 
of fusibility, density, and volatility, may also, very well produce 
it But in the case, for example, of a difference of volatility, 
we can no longer invoke the reciprocal affinity of the molecules 
as for a solid, or even for a liquid, since, on the contrary, the 
molecules of the salt which is separated are in a state of re- 
pulsion, and that we may also demonstrate, as in the case of 
insolubility, as in that of volatility, it is always the most 
volatile salt that is formed. 

Thus the change taking place, according to the received 
opinion, under very different circumstances of solubility, den- 
sity, fusibility, and volatility, one of them cannot be tne true 
cause of the change to the exclusion of the others, and con- 
sequently this cause ought to be considered otherwise, inde- 
pendent of these different circumstances. 

Since the change is not determined by the reciprocal 
affinity of the acids and bases, since also it is no longer by the 
secondary causes we have just enumerated, and as howev^ 
these latter cause separations, it necessarily follows that the 
change precedes them, and w'e can only be satisfied with re- 
gard to these different causes of separation, by admitting that 
at the moment of the mixture, before any separation, there is 
a complete confusion between the acids and bases, that is to 
say, the acids combine indifferently witb/the bases and recip- 
rocally ; the order of combination is of 'little importance, pro- 
vided the acidity and alkalinity are satisfactory, and they are 
evidently so, whatever equilibrium may be established be- 
tween the acids and bases. 

This principle of indifference of equilibriunrr {equipollence) 
bein^ established, the decompositions produced by double 
affimty are explained • with very great simplicitj^. At the 
moment of the mixture of two salts, two new ones are formed, 
bearing some relationdiiip to the two former, and allowing one 
of these properties, insolubility, density, fusibility, volatility, 
&c. to be stronger in the new than in the given salts, there 
will be a disturbance of the equilibrium, and separation of 
of one salt, sometimes even of several. 

Still it is essential to consider that, although we admit a con- 
fusion at the time of the mixture of two or more saline solu- 
tions, it may not always rigorously take place. We know in 
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^at tbe mbleculeB of a compound oppose a Sort of inelrtia 
to^the d^ge, and that time or oisturbance^is of|;en necessary 
to caiis^^is change/ Many saline solutions, and particu- 
larly that of sulphate of soda, keep themselves sur-saturated 
at very inferior temperatures to that at which they ought to 
begin giving up the salt. A solution of sulphate of ipagnesia 
mixed with a solution of oxalate of ammonia, when left undis- 
turbed, gives no precipitate of oxalate 6f magnesia for a long 
time after the mixture, whereas it is produced in a few 
Seconds by means of a rapM agitation. Besides this circum- 
stance ' of the inertia of molecules, which is opposed to the 
change, may admit, in the case of a complete reciprocal 
saturation, such a state of indifference, or if we prefer it, in- 
stability between the acids and bases, that the slightest cir- 
cumstance, ev^n a very feeble cohesion, might disturb the 
equilibrium and determine the change. 

Even admitting that the confusion has taken place, we might 
yet conceive that the separation of the newly formed salts, 
would not be instantly effected, and for this reason we see 
that water remains liquid several degrees below zero. Hence 
it is possible to conceive that the reciprocal action of the 
molecules which separate themselves from the solvent, deter- 
mines and accelerates iht phenomenon. But this reciprocal 
action of the molecules to reunite into a liquid or solid mass, 
1 always consider as only occupying a secondary place in 
chemical‘»pbenomena. 

It is easy to demonstrate the change betw ecn the elements 
of two salts, although it may not be accompanied by the for- 
mation of a precipitate. Let U3 imagine a solution of sulphate 
of protoxide of iroiH> and pass through the mixture a current 
of sulphurated ivydrogen : there will immediately be made a 
precipitate ofsulpliurct of iron, w hich makes us siippose that it 
wafe formed previously from the acefote of iron. I kno w that 
in the real case, we may object to tbis change having taken 
place betweeii the strongest acid, sulphuric, joined to the 
^^ngest base which is here the soda ; but the objection wiU 
not appear foupded if we recollect that the reciprocal affinity 
qf the acids and bases appears quite foreign to the formation 
of precipitates formed by the concourse ot double affinities. — 
Every other base besides soda, the weakest ^ we can choose 
among those which are not precipitated by the sulphurated 
hydrogen, would produce a similar effect. Thus acetate of 
aiumine mixed with sulphate of iron, determhies its decompo- 
sition by sulphurated hydrogen. ** 

The principle of chemical equilibriums (equipoUences) which 
has just been admitted with regard to saliue substances, ap- 
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pears to me to extend to all analogous compounds, that is 
to say to aU those, in which the* sum of the neutralizations, 
after the miiture will be the same las before,, as for ex- 
ample, for water and a chloride. 

Here is a very remarkable fact. It would appear that, in 
the reciprocal combination of two acids with two bases, there 
is expemed a certain quantity of action, whether chemical or 
electrical, which remains constant in the change. 

1 had wished to say a few words on solution : but I find 
myself prevented by the difficulty of the subject, which is 
much greater than it appeared at first sight. I shall confine 
myself to remarking, that the word solution is applied under 
very dissimilar circumstances, which ought, however, to be 
carefully distinguished. In a solution properly so called, such 
as a salt in water, there is no decomposition between the .sol- 
vent and the body dissolved ; the effect varies in general with 
the temperature. On the contrar}^ in a solution by an acid 
or alkaline solvent, there is generally decomposition, format 
tion of new products, and the effect no longer varies with the 
temperature as in the other solution. Hence we must deter- 
mine in each particular case, whether it is simply solution, 
whether it is the consequence of the formation of new pro- 
ducts, or if in that these two circumstances cannot be joined 
together. But to arrive at this determination some data» 
which will form the subject of another memoir, are still 
wanting. 

1 terminate this first work without having nearly exhausted 
the matter it embraces, but as 1 said at the beginning, the 
matter is difficult, and 1 had only promised making a few ob- 
servations. Perhaps they^will have mor;5 interest in being 
strengthened by these 1 have yet to present. In the"^ mean 
time I leave that to the criticism of chemists, and shall con- 
sider myself nappy if, at least as conjectures^ they attract 
their attention. 


XL V. Optics. — Note on irradiation ; by M. f . Plateau.* 

At the session of the 6th of May last, M. Arago much 
wished to entertain the Academy with my memoir on irradia- 
tion, and presented at the same time some observations on the 
theoretic part of this work. M. Arago thought that we could 
not preserve the physiological explanation wliich I have en- 
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draToiiv^ to confirm, and adrances a new dtoory from which 
^ irradiation would be tbf result of th^ chromatic aberra- 
tion of the eye. The ^considerations mentioned %y M. Arago, 
not having been printed, I have been prevented from i^om- 
ing ^rfectly acquainted with them, andam not aware of their 
tending to refute the arguments 1 have brought forward in 
. favor of the physiological theory. I shall not hete recall 
these circumstances, but shall content myself with examining 
the new hypothesis presented by M. Arago. 

It is true, the eye is not, cat present, recognised as a perfectly 
achromatic instrument, and it necessarily follows from this 
non-achromatism, that the images of objects are surrounded, 
on the retina, by a small band of aberration, which ought to 
increase a little the apparent dimensions of luminous objects 
projected on an obscure ground,' and diminish those obscure 
objects which are projected on a luminous ground. But 
whether this effedt can be sensible under ordinary, circum- 
stances, and whether the small band of aberration has suffici- 
ent breadth for us to distinguish It, and to attribute to it the 
phenemenon known as irradiation, is the question I hope to 
solve. 

I shall first remark, that bv virtue of the same cause 
which produces it, thes mall band, which the chromatic aberra- 
tion of the eye draws around images, cannot be exempt from 
colors. Consequently, if this irradiation, manifested by a 
white object on a black ground, was due to this cause, it 
^pears that the object would appear colored on the edges. — 
But among all the observers who have engaged themselves 
with occular irradiation, not one has made the least mention 
of colored appearances, pd in the numerous experiments 
that I have made on irradiation under a great number of dif- 
ferent circumstances, I have never seen any thing similar. 

This absence of visible colors, might, with difficulty^ be attri- 
buted to the small angular width of the irradiation ; the per- 
sons among vrhora the phenomenon has much developement, 
vifill be easily convinced, by repeating some of my experi- 
mehts, or by observing the well known aj^earance of the 
current, that {he band of irradiation is of a width quite suf- 
^ient to allow its color to be seen if it had any. 

In the second place, I do not see how it would be possible 
to explain by the aberration of refrangibility, this singular 
law to which irradiation is subject, viz.: — that when two 
objects of equal brilliancy are only j^eparated by a small inter- 
val, each of them diminishes the in’adiatioh of the other in 
the parts in view, and that, in proportion as the two objects 
approach one another, so that at'’ last when they touch, the 
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irradiation is nothing for each o|^them at the point of con- 
tact; or how to adihit an action exercised by aluminous image 
on the aberration produced about another image. 

But we may easily decide by direct experiments, whether 
occular irradiation is due to chromatic observation or not. It 
is sufficient, in fact, to try if the irradiation be also produced 
when the object is bright, by a homogeneous light. If in this 
case, we no longer perceive the irradiation, we may admit as 
true, the hypothesis which attributes this phenomenon to the 
chromatic aberration of the eye, biit if, on the contrary, the 
irradiation still appears, and to the same degree as with a 
compound light, equal in brilliancy to the homogeneous light 
employed, it will be impossible to discover the cause of the 
phenomenon in the aberration with which it acts. The fol- 
lowing experiments have been executed for the purpose of 
deciding this point. • 

The homogeneous light I have made use of is that which 
proceeds from the flame of a mixture of alcohol, water, and 
salt. 1 have imbibed with this mixture a quantity of cotton 
wick which I put behind an unpolished glass placed vertically, 
This mixture lighted in a dark room, gives a voluminous 
flame, and the unpolished glass obscured on the other side, 
forms a tolerably bright luminous field. To render the light 
still more homogeneous, I placed between the flame and the 
unpolished glass, a glass of a deep yellow color. Every 
thing being thus prepared, I placed successively before the 
unpolished glass, the apparatus already described in the 28th 
section of my memoirs, and that w'hich served for my ex- 
periments or measure, after having reducecl, in this latter, the 
vertical edge of the movable plate, by prr^nging that of the 
fixed one. These apparatus thus projected, were placed on a 
field of very considerable brightness, and a light so nearly 
approachild to homogeneousness, that, in observing them by 
refraction across a prism placed vertically at five metises dist- 
ant, their image not only preserved a perfect j)?ainness, but 
only presented laterally a greenish shadow so faint that it re- 
quires great attention to perceive it. I ought al;^ to* mention, 
that in order to give the eyes more sensibility, the experi- 
ments have not been made by day in a dark room, but at 
ni^t. 

But, under the circumstances I have just described, and 
which necessarily exclude the effects which might have de- 

i iended on the aberration of’l'efrangibility, the above apparatus 
lave shewn me a very distinct irradiation. The same result 
was discovered by M. IVl. Burggrarve and Le Francois, tw’o 
of the persons wlio assisted mo in tho experiment or measure 
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mentioned in my memoir, and who are, .therefore, acctis- 
tomed to judge of the phencfiiena of irradiation.^ In order af- 
terwards to test the results produced, ai^d those which would 
arise from a compound light, and one of a similar brilliancy, I 
placed before the above mentioned unpolished glass, another 
similar glass, behind which I lighted several wax candles so 
disposed as to afford an uniform light, and these I moved to 
and fro’ till the brilliancy of this second glass appeared equal 
to the first. An opaque screen also separated the wax-can- 
dles from the alcohol fiamcP, so that each of the glasses received 
but one of the two lights. I had thus4wo luminous fields of 
the same brillianc^y, but, of which, one was lighted by a homo- 
geneous yellow light, and the other by a light, which, withoiit 
being as white as that of the day, was evidently sufficiently 
compounded for the purpose. 1 then placed before these two 
luminous lights, the apparatus of irradiation in themselves 
identical, and so disposed, that in observing them simultane- 
ously, it was easy to perceive if the irradiations developed by 
the two lights, differed sensibly from each other. But this 
comparison, made by the two persons before mentioned, and 
myself, gave us no appreciable difference ; the two apparatus 
shewed a distinct irradiation, but that which proceeded from 
this compound light was neither more nor less extensive than 
that which arose from the homogeneous light. 

These facts I think, lead to the following necessary con- 
clusions^ that we must admit the existence of the aberration 
of refrangibility of the eye ; which irradiation ought to be attri- 
buted to another cause, and the effect of the aberration con- 
sidered as entirely hidden, under ordinary circumstances, by 
the band of irradia^taon. 

XL VI. Brief notice of the Extrication of Bf^rium^ Stron-- 
tium^ and Calcium^ by exposure of their chlorides to a 
powerful voltaic circuit, in contact with mercury as a 
^\cathode f and the distillation of the resulting amalgams 
l^y means of vessels of iron* 

Agreea\)ly to the statements made by Sir Humphrey Davy 
in his Bakerian lecture, that celebrated chemist was not 
quite successful in isolating either barium or strontium, as he 
declares that he was not enabled to expel from them com- 
pletely the mercury, by amalgamation with which they had 
been reduced to the metallic state from that of oxide, in the 
most successful experiments madeT by him for the isolation of 
calcium, the tube broke, and the mass took fire before the 
distillation was accomplished. 


* From Silliman’s Journal. 
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Dr. Hare has recently obtained, by an improved process, 
all three of the metals above mefttioned. In this, saturated 
solutions of the chlorides are substitutedfor moistened oxides; 
the mercury and solutions being both refrigerated by ice- 
water, or a freezing mixture within receptacles contrived for 
the purpose. Two deflagrators, each comprising one hundred 
Cruicks&ank pairs, severally exposing one hundred inches of 
einc surface, were employed alternately. In consequence of 
this mode of operating, the charge of acid, at first feeble, was 
gradually strengthened by additions, so as to render the re- 
action towards the close as forcible as at the commencement. 
This is highly important, since the difficulty of decomposing 
the chloride increases with the quantity of calcium combined 
with the mercury. 

The resulting amalgams were severally subjected to distil- 
lation by means of a crucible enclosed in an air-tight iron 
alembic, being protected from the access of air by caoutchou- 
chine naphtha, mercury and desiccated hydrogen. For the 
complete expulsion of the mercury, a heat above the soften- 
ing point of glass was necessary. 

So great was the avidity for oxygen of the metals thus ob- 
tained, that to see their bright, metallic white colour, the eye 
must follow closely after the movements of a file or burnisher 
employed to expose a fresh surface. Metallic w^hiteness is 
soon succeeded by a straw color, as in the case of steel filed 
at a high temperature. But the whole mass is soon reduced 
to a pulverulent oxide. Of this the color is dark, in conse- 
qvmnce of a resinous coating resulting from reaction of the 
metal with the naphtha necessarily employed to prevent the 
excess of atmospheric oxygen. In consequence of this coat- 
ing being insoluble iu water, but readily soluble in hydric- 
ethcr, oxidizement ensues more readily iu the‘ last-mentioned 
liquid tha^ in water. 

The metals in question w'ere all brittle, and much harder 
than potassium or sodium. By the evolution of the mercury, 
they are left in a form resembling, in some degree, that . of 
metallic arsenic. 

Davy informs us that he employed only fifty or sixty 
grains of mercury. Dr. Hare has employed a half-pound 
avoirdupoise, which is seventy times as great, and is under the 
impression, that with sixty grains it would not be possible to 
isblate a perceptible quantity of calcium. Operating with 
much larger (quantities of a^ialgam, he has found no residue 
besides a stain upon the glass of the tube employed to 
distil off the mercury. 
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XL VIL Proceee for a Fulminating Powder— for the Evo^ 
lution of Calcium and Gakanic Jgnitidn of r Gunpowder ; 
by Dr. Hare. * ^ 

An equivalent of quick lime^ with an equivalent and a half 
of bycyanide of mercury, is subjected to a red heat in a porce- 
lain crucible enclosed within an air-tight alembic of iroii^ 
so as completely to exclude atmospheric air. The result- 
ing residual mass was found, in two experiments, to have the 
weight which would correspond with an equivalent of calcium, 
united to an equivalent of cyanogen. From the filtered solu- 
tion of the compound thus produced, in acetic acid, a preci- 
pitate was obtained by the addition of nitrate of the protoxide 
of mercury. This precipitate^ when"well dried was found to 
constitute a powder capable of fulminating by percussion. 

Isolation of Calcium hy the deflagration^ in a receiver^ of 
desiccated hydrogen^ of the compound formed hy igniting 
in a close vessel^ bicyanide of mercury with pure quick 
lime. 

By exposing the compound of cyanogen with calcium, ob- 
tained as above mentioned, either in vacuo or in an atmosphere 
of desiccated hydrogen to a current from two hundred pairs 
of Cruickshank plates, each comprising one hundred square 
inches of zinc surface, the calcium appeared to be isolated. 
Particle^ displaying metallic characteristics under the bur- 
nisher, and which effervesced in water, were observed, while 
the gas escaping had an odor resembling' that of silicuretted 
hydrogen evolved ^by silicuret of potassium, under like cir- 
cumstances. 

Deflagration of phosphuret of calcium, — By exposure of 
the phosphuret of calcium to the current from the denagrators, 
as above described, calcium containing a trace of phosphorus 
appeared to remain. The phosphorus was'eondensed upon 
the receiver ih sufficient quantity to obscure the glass. The 
residual mass thrown into water effervesced extricating hydro- 
gen slightly phosphoric in its odor. When compounds of 
carbon with calcium were similarly exposed, the residue had 
a metallic appearance, but did not decompose water. 

On one occasion, a portion of the l^cbarcoal forming the 
anode was fused into a globule, having the consistency and 
other characteristics of plumbago. It appeared more com- 
pact than the globules obtained By us many years since, u£ 
which a portion was forwarded to Dr. Hare at the time. 
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Of Professor D^nitlVs adoption of Dr. B[ard8\method of 
igii^ting% gunpowder hy galvanic ignition . , 

During the summer of 1831, a method of igniting gun- 

E owder by galvanism was contrived by Dr* Hare, the idea 
aving been suggested by the abortive efforts of an ingenious 
individual of the name of Shaw, to effect this object by me- 
chanical electricity. Of the apparatus described for the pur- 
pose in question by Dr. Hare, engravings and descriptions 
were published in this Journal in ihe autumn of 1833. We 
advert to tliese facts now in consequence of the recent 
publication of analagous experiments by Pro. Daniell, 
King’s College, who in this case, as well as in that of his 
‘^re-invention” of a hydro-oxygen blow-pipe of Dr. Hare, 
was no doubt ignorant that he nad been anticipated. 

In performing his experiments, it would seem that Fro. 
Daniell used his ingenious apparatus, ktiown as the sus- 
taining battery, which, although peculiarly qualified for the 
production of a durable current, is, as we think, far less 
competent than the caloriraotor of Dr. Hare, to produce a 
transient intense ignition, such as would be the most efficacious 
in igniting gunpowder. 

XLVIII. Method of adjusting th^ Dipping Needle ; by 
Thomas Perry, Professor of Mathematics, United States 
Navy.* 

TO THE EDITORS. 

Gentlemen, — Finding it necessary, some months since, to 
re-adjust a needle belonging to my instrurient for measuring 
the magnetic dip, I adopted a method i^^hich, from its sim- 
plicity, I am induced to communicate, in the hope that it may 
be seiviceable-to others in similar circumstances. 

The instrument being firmly fixed, and accurately levelled, 
the direction of the magnetic parallel of latitude a^id meridian, 
and the true dip, were approximately ascertained by properly 
reversing its faces, axis, and poles. The plane of its face 
was then made to coincide with the parallel of magnetic lati- 
tude, and the substance of the needle carefully ground away, 
from the sides perpendicular to its plane of motion, until it 
assumed the same position (the vertical) upon reversing its 
axis. The plane of the face was then brought into the mag- 
netic meridian, and the needle again ground upon the sides 
parallel to the plane of motjon, so as not to effect the pre- 
vious adjustment much, until it indicated nearly the true dip. 
These processes were successively repeated, until the errors. 


* Sillimaa’s Journal. 
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aafiw Buchius result from the imperfectipn of the circles were 
fouiid^ upon making all poissible reTersio^l, to be less than 
th^robable errors of, observation. ^ 

l^is method may be advantageously employed in the final 
adjustment of new needles. 1 have employea it successfully 
in one instance. Two small screws, at right angles with each 
other, might also be added, which would render grinding un* * 
necessary ; but their weight would prove some incumbrance, 
and they would increase the liability of the adjustments to 
derangement. c 

The value of the process results from the difficulty of 
rendering manufactured and tempered steel devoid of mag- 
netism. Its correctness of principle is obvious from the 
impossibility of correct indications in two different positions 
of the needle, except when the centre of gravity coinciding 
with the axis of motion, the influence of this force becomes 
nothing in all cases. 

In making these adjustments, it is better that the magnetism 
be of feeble intensity, provided that it be sufficient to overcome 
inertia and friction; as, in this case, the influence of any 
other force is more obvious. Any two different planes or 
even the same might be employed by a little modification of 
the process ; but those specifiea are most eligible, as in them 
the forces affecting the position of the needle, present the 
greatest disparity. 

U. S. Ship Independence, Jan. 28, 1839. 


XLIX. Formula for discovering the Weight and Volume in a 
mixture of two Bases, by Dr. Jno. M. B. Habbb 29, 
Biceboro, Liberty County, Geo.* 

• TO THE EDITORS. 

IS 

In the 12th volume of the Philosophical Magazine’" 
there is a paper by Mr. Golding Bird, upon the subject of 
indirect chemical analysis,” in which he gives two formulae, 
by Pu^gendorff, for the quantitative estimation of two different 
bases m mixtures of those bases. These formulae are suffi- 
ciently exact, but probably not as simple or comprehensive as 
might be desired. He alludes also to one annexed by the 
French translator to the ** Analysis of inorganic bodies,” by 
Berzelius, which I do not find in the English translation of 
that work. As it may be well to multiply methods for the 
solution of such problems, I send 7 ou the following formula, 
which, although from the well known, principles which it in- 
volves, 1 cannot suppose that it has any claim to novelty, I 


• dilliman’s Journal. 
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have never seen propaeed for Ihis object. If you should con- 
sider it worthy the notice of the analytic chemist, you will 
please insert it in your highly useful Journal. 

In the mixture of two bases, it is proposed to find the 
weight and volume, or bulk of each base, by having given the 
specific gravity of each ingredient, together with the spe- 
cific giavity of the mixture and its weight. Now, since 
ihe specific gravities of each base or ingredient of the mixture 
are supposed to be known in most, if not all cases, all that is 
necessary will be to determine by experiments, the specific 
gravity and weight of the mixture, in order to find the quan- 
tities desired. Let A ==: sp. gr. of one ingredient, B = sp. 
gr. of the other, and C = sp. gr. of mixture. Let also the 
weight of the mixture = 1, and a: and y = the weights of the 
bases ; then it is eridcnt that 

X y x\y 1 

1 — and 0 ? -f- y = 1. 

A B C C 

These equations reduced, give 

AC— AB AB— BC 

X and y =i . 

AC— BC AC— BC 

Multiply these fractions by the number expressing the weight 
of the mixture, and we liave the weight of each base or in- 
gredient ; and as the volumes are inversely as the specific gra- 
vities, they are found by diriding the weights by the sp. gr 
of each. , 

We give as an example, tlie mixture oPoxygen and azote in 
atmospheric air: » 

a 

l.liu —1.1111 xi>722 309 

— — =. - — proportional weight of oxygen. 

1.1111— .9722 1389 

1.111 lx. 9722— .9722 1080 

y= ■" do. do. of azote. 

l.l 111— .9722 1389 

Now, since 100 cubic inches of" air weigh 30.5 grains, it 
will be found that the weight per cent, of oxygen in atmos- 
pheric air is 22.23, and of azote 77.77, divide these by the 
sp. gr. of each, and it will be found that the volume per cent, 
of azote is 79.8, that of oxygen 20.2 nearly, which corresponds 
exactly with the result of the most rigid and careful experi- 
ments. 



8B9 Mr. CteuiiB Matei 

1 need eearcelj remarlc that this formula applies only in 
cases where the specific gravities are detcmuned^by the same 
standard of coinpaiisou, although in every case they may he 
reduced to the same by an easy mathematical calculation. 

Liberty Co. Geo, Aug. 15th, 1839. 


L. Of the Reaction of Sulphuric Add with the Essential 

of Hemlock ; by Mr. Clark Hare, of Philadelphia.* 

If equal parts of sulphuridacid and oil of hemlock be mingled 
together, refrigeration being employed to prevent too great a 
rise of temperature, a black acid resinous mass results. By 
the addition of carbonate of lead and water, the unaltered 
sulphuric acid, present in great quantity, is converted into an 
insoluble sulphate, which, mingling with the resin, gives rise 
to a yellow mass r^esembling putty in its consistency, while 
there will be found dissolved in the water two soluble salts of 
lead. 

The presence of a very large quantity of coloring matter, 
interferes with the examination of these salts. This, however, 
in a great measiue disappears on precipitatiyig the lead by sul- 
phydric acid gas, resaturating the liberated acids by the car- 
bonate, and again throwing dowui the lead in the state of a 
sulphide. The partially decolorized acids thus obtained may 
then be saturated with baiy^te^, and the resulting salts evapor- 
ated to dryness, when they assume the appearance of an 
amorphous mass. By washing with absolute alcohol, one of 
the salts present in this mass is dissolved. On the solution of 
the other in water, ^ and subsequent crj^stallization, it proves 
to be the acetate of i^aiytes. 

The salt dissolyed in the alcohol does not appear susceptible 
of ciystallization, probably on account of its extreme solubility. 
On drying it assumes a gummy appearance, and by stiH faither 
desiccation, may be obtained in the state of a dry mass desti- 
tute of cohesioaa, and susceptible of being with facility reduced 
to the state of a powder. 

When e:JCposed to heat in a retort, this salt resists an elevated 
temperature writhout alteration, but at length, if heated rapidly, 
carbonizes, giving off sulphurous acid and a small quantity of 
essential oil and water. There remain in the retort a spongy 
carbonaceous substance, and a large quantity of sulplute of 
barytes. As this result proved the acid united with the barytes 
to consist of organic matter, combined with sulphuric acid and 


* Eldest Son of Dr. Hare. 
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modifying its properties, in order to ascertain the quantify of 
the latter preseift^ haxytes was precipitated by carbonate of 
potash, the precipitate weighed and tjie resulting potash salt 
eva]»orated to dryness. It was then indinately mingled with 
the blarJi oxide of copper and nitrate of pot^h, nitric acid 
added, and the whole mass gradually heated to redness. Red 
fumes jBTc given off during the whole of the process, and while 
the nitric acid at the beginning of the operation prevents the 
deoxidation of any portion of the sulphuric acid ; at the end, 
the oxide of copper prevents the explosive reaction which would 
ensue, were nitric acid and nitrate of potash alone present. 

The result of two experiments made in tliis manner, the mass 
after ignition being washed ynth diluted ehlorohydric acid, and 
the solution preci])itatcd by barytes, was as follows ; — Carbon- 
ate of barytes 12^ gr’s. Sulphate of baiy-tes 1()|^ gr’s. Car- 
bonate of barytes 13|- gr’s. Sul]>hatc of bari tes 16|^ gr’s. 
The quantity of sulphuric acid as calculated from tlie quantity 
of sulphate precipitated, is in each case, 5.59 gr’s., while 
as calculated from the pn^eijntate of carbonate of barytes, 
on the sup])osition that one atom of it is present in the 
barytes salt for each atom of base, it would be 5 gr’s. in 
the first instance, and 5.3 gr’s in the second. It ^ill there- 
fore be perceived that in both experiments the quantity of sul- 
jdmric acid, as ealcnlated from the results, ex(‘eeds the quan- 
tity necessary for forming an equivalent with the base present. 
This must be attributed either to some inaccuracy in perform- 
ing the analysis, or to tlie ])resence of a small quantify of some 
sulpho-organic acid, containing in its neutral salts, two atoms 
of sulphuric acid for each atom of base. The fonner explana- 
tion is by far the most likely to be tnie, it seems probable 
that the coinj^osition of a neutral salt of this acid may be repre- 
sented by one atom of sul])huric acid, one •atom of organic 
matter, and c?ne atom of base. 

A nufiiber of compounds possessing the properties of acids 
have been discovered, consisting of an acid of sulphur modi- 
fied by some organic substance. These conipoimds may be 
divided into two classes. In one ai*e com|)rised those acids 
which are composed of two atoms of sulphuric acid, united to 
one of organic matter acting as a base, and which consequently, 
in forming neutral salts, unite with but one additional atom of 
base. In the neutral salts fonned by the other class, two atoms 
of sulphur are also present for each atom of organic matter 
and each atom of base, but are combined with oxygen in such 
propoition as to fonn hyposulphuric acid, so that the organic 
matter present cannot be considered as acting the part of a 
base. Under the first of tliese heads may be enumerated the 
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sulphoviniG, tsulphetltenc, ^nlphometiiylic, ^and sulphoeetic 
acids ; under the second, the benzosulpliuiic, sulpibonapthaUc, 
and probably the sulphovegetic, and several others. For the 
acids contained in the first class, custom seems to have assigned 
as a nomenclature, a name derived from the organic matter 
entering into their composition, modified so as to terminate in 
ic and having the term sulpho prefixed. For the seccmd, no 
fixed rule seems to have been laid down. The German che- 
mist who discovered one of the two acids whose composition 
has been ascertained with sufficient accuracy to enable us with 
certainty to place them under this head, gave to it the name 
of benzosulphuric, while the other acid still retains the appel- 
lation of sulphonapthalic, which it received when its composi- 
tion and properties were still supposed to be analagous to those 
ofthesulphovinic and other acids which belong to the first class. 
The acids described in this article, if the view given of its com- 
position be correct, must be considered as belonging to a divi- 
sion of the second class hitherto imocciipied, unless by the 
sulphindigotic acid of Berzelius. In the hemlosulphuric, as 
in the other acids of this class, there is present one atom of an 
oxacid of sulphiu: modified by an atom of organic matter which 
does not, as in the first class, act as a base, or diminish the 
saturating power of the acid. If, therefore, we should adopt 
the nomenclature of the German chemists, wdth the change of 
sulphuric into hyposulphuric as necessary to designate with 
precision the acid of sulphur in question, for the acids of the 
second class, calling them benzohyposulphuric and njiptlia- 
lohyposulphuric ; and applying the same idea to die acid 
described in tliis article, name it hemlohyposulphuric, the ends 
to be attained in fol>jriing a nomenclature would 2 )erhaps be as 
well answered as is practicable, without departing too widely 
finm established custom. 

Hemlosuliihuric acid possesses a sour taste and ^peculiar 
odor. It does not appear susceptible of crystallization, either 
when free or far as I have examined its compounds, when 
combined with bases. Tlie salts which it forms with potash 
lime and barytes leave in the mouth a decided and long con- 
tinued impression of sweetness. Though extremely soluble 
they are not deliquescent. If the hemlosuljihate of barytes be 
kept for a length of time at a temperature between 500^ and 
600^, die sulphate of barytes and organic matter of which it is 
composed separate, the latter in the shape of a resinous pow- 
der insoluble in water, though soluble in alcohol and ether. 
This seems a singular instance*. of a body very soluble in 
water, affording by the mere separation of its constituents, two 
others eminently insoluble in i^t liquid. 
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la tbe resinous yellow mass into which the greater part of 
the hemlock of oi! is converted by Hie action of the sulphuric 
acid, there is present a yellow oil which contains sulphuric 
acid combined with it in a neutralized state. By the action of 
ether, this oil may be dissolved, and by subsequent evaporation, 
deposited, but when thus obtained it is contaminated by so 
much iwsin that though the presence of sulphuric acid may be 
ascertained, it is impossible to determine the atomic com- 
position.* 

From the reaction of sulphuric ucid, with oil of turpentine, 
nothing more appears to be produced than a reciprocal decom- 
position ; though a different result might have been anticipated 
from the close analogy which appears to exist between this 
essential oil and that of hemlock. Caoutchouchine, however, 
reacts witli sulphuric acid in a manner quite analagous to the 
oil of hemlock, giving rise to a j^ellow resin and an acid com- 
pound of sulphuric acid and organic matter, which forms solu- 
ble salts with lead and barytes. An oil, however, separates 
and floats on top, which appears insusceptible of farther attack 
from the acid. 


LI. Results of Experiments on the Vibrations of Pendu- 
lums^ with different suspending springs; being the substance 
a paper by W. J. Frodsham, F. R. S., read before the 
Royal Society f June 21, 1838. Forwarded for insertion 
in this Journal. 

The experiments of which I am about to give an account, and 
from which I propose to draw some practical conclusions, were 
undertaken with a view to determine whether some particular 
condition of the suspending spring of the pendulum, with 
respect eidier to its length, its strength, or both, might not 
cause it, with'a lighter maintaining power to produce a given 
arc of vibration, or, with a given maintaining power, to produce 
a greater arc of vibration tlian any other ; and af the same time 
to ascertain whether some practical means might not be devised 
for making unequal arcs of idbration in the ordinary .pendulum, 
correspond to equal intervals of time. 

My attention was drawm to the subject many years ago, w'hen 
haring replaced the spring of a turret-clock by a stronger one, 
1 found the arc of vibration materially altered. 


* It is well known that by the reaction between chouchydrio acid and pare 
oil of turpentine, two species of artificial camphor are generated, one solid, 
the other liquid. Having obtained both of these compounds a few years since. 
Dr. Hare subjected the oil of hemlock to chlorohydric acid by Uie same 
process, but could not thus obtain any concrete camphor. That which he 
did obtain was analagous to the liquid artificial camphor above mentioned. 
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Having often reflected upon the subject, 1 length resolved 
to make some experiments to satisfy my mind inspecting it ; 
and I accordingly had \nade for the purpose a lenticular pen- 
dulum bob of about fourteen pounds weight, a cylindrical rod 
passing through it, with a nut working on a screw at the lower 
end, and supporting the bob. 

The upper end of the rod was slit to receive the spring; and 
the spring and the rod were attached to each other by a pin 
passing through a hole in both. 

But before fixing the pin, what I call an isochronal piece 
was slid over the top of the rod, and if this part of the appa- 
ratus had served only to attach the rod and spring more firmly 
together, and prevent any wavering motion of the pendulum, 
it would have rendered an important scr\dce. Tliis, however, 
was but a secondary and incidental efiect of its application. ' 

The piece, which- 1 have so named, is a brass tube about five 
inches long, fitting the pendulum rod very nicely, and slit to 
form a spring for about an inch at the bottom, so as to slide 
rather stiffly on the rod. At the up])er end of tlie tube is a 
clipy which is made to embrace the suspending iS])ring finniy 
by means of two screws ; so that after the pendulum lias been 
brought to the proper lengtli by the adjusting nut at the lower 
end of the rod, the length of the ac ting jiart of the susiiending 
spring may be varied at jdeasure, witliout in the least altering 
the length of the pendulum, by merely sliding the isochronal 
piece up- or do^vn the rod, and tightening the screws of the 
clip. 

I also provided five springs of different degrees of strength, 
and a silken string, by which, in the first experiments, the 
pendulum was suspcJiided, 

The pendulum used was an uncompensated one, but in each 
experiment it was adjusted to nearly the proper length for 
mean time. 

Commencing with the silken thread, or rather two parallel 
threads, one behind the other, I suspended the jiendulum 
within the ease of a clock, perfectly detached from the works, 
no maintaining power being applied. 

Each degree of the scale on which the arcs of vibration 
were noted, was nearly *8 of an inch in length, and a degice 
was sub-divided into twenty equal parts. 

I drew the bob aside 2°, and leaving it to \ibrate by its own 
gravity, I found the arc of vibration was reduced from 2° to P, 
and from to in tlie times noted as under. 

c 

Arc of vibration 2° to 1° in 20ni. 15$. 

Do. do. 1 to I' 23 6 
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On repeating the experiment, the results were : — 

% ^ 

Arc of vibration from 2® to l^in 21m. Os. 

Do. do. 1 to ^ 24 0 

Drawing the pendulum aside 1°, I found from five succes- 
sive trials that the arc of vibration was reduced to half a degree 
in the times following : — 


j 


From 

r to 

in 21m. 

458. 

Do. 

do. 

22 

45 

Do. 

do. 

22 

0 

Do. 

do. 

22 

30 

Do. 

do. 

23 

0 

Mean, 

. 

22 

24* 


The mean of the two preceding corresponding results is 
23m. 12s. The difierencemay be. satisfactorily accounted for, 
by die difficulty of setting off the jiendulum at the precise 
point intended, and of noting the time when the arc is di- 
minished to the proposed (juantity. 

It is apparent from these experiments, diat when a pendu- 
lum is freely suspended, and left to vibrate from its own 
gravity, the arc of vibration is sooner reduced Irom 2^^ to P, 
dian from 1° to as might indeed be anticipated from the 
increased resistance experienced by the bob, wliilc moving 
thrrugh a greater space in the same time. 

I attached the pendulum, suspended a«' before, to a clock, 
with a maintaining power of 01b. 8oz., but the clock stopped 
in 39miuutes: and setting it off again, it stopped in 43 mi- 
nutes ; but on applying a weight of 61b. lloz., the clock con- 
tinued tef go; thus showing Uiat a weight of 61b. lloz. was 
sufficient to keep the pendulmn in vibration, while one only 
3o2. lighter was not. 

The arcs of vibration in the preceding experintents being 
smaller tliah is desirable in practice, I proceeded to experi- 
ment with heavier weights, the pendulum being still suspended 
by the parallel silk threads, noting in each case the arc of 
vibration and the rate of the clock, viz., its gain or loss in 
24 hours. 

In the following experitpents each succeeding pair is to be 
considered as giving the results for two consecutive days, 
thpugh more tlian one day occasionally elapsed between die 
times at which the sets were taken. 
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Weight. 

Ate^Tibratioiu 

iM4e. 

14 

6oz. 

20 

3 , 

/— 98 

.0 

8 

0 

r 1 

30 

+ (f 

,7 

141b. 

6 

20 

8 . 

. — 10 

J) 

8 

0 

1 

30 

0 

,0. 

11 

2 1 

1 

45 

— 7 

.0 

8 

0 

1 

30 

+ 1 

.dV 

= 19 

0 . . 

. . 2 

15 

— 13 

.0 


It hence appears, that when a pendulum is suspended by a 
flexible string, a heavier weight and a consequent greater arc 
of vibration, causes the clock to lose. 

The following are the dimensions of the springs which were 
experimented with : — 

Number- Breadth. Thickness.. 


1 

2 

3 

4 

5 


•350 inch 
•390 

•3.95 - 

•395 

•400 


•001 inch. 
•002 
•003 
•004 
•035 


The pendulum being suspended by the weakest string, No- 
1, the times were noted as before, in which the arcs of vibra- 
tion were reduced from 2^ to 1®, and from P to no main- 
taining power being applied. 

Arc reduced from 2*^ to P in Ih. 58m. 

Do. do. 1 57 

Do. 1 to J 2 8 

Do. do. J 2 10 , 

With the same S|^ing, and a maintaining power of 41b. loz. 
and 21b. 2oz., the following arcs of vibration and rate of the 
clock resulted from two consecutive days, the eflective length 
of the spring being ^92 inches. • 

Weight. Arc. Bate. * 

41h. loz. 2 ^ 3' — 9s. 6 

2 2 1 30 “61 

The pendulum being suspended with spring No. 2, and 
clipped at *92 inch, \vithout maintaining power, the arcs of 
vibration were reduced as follows : — 

From 2° to 1° in 2h. 20m. Os. 

Do. 2 — 1 — 2 20 44 

Do. 1 — i — 2 26 0 

Do. 1 — i — 2“ 26 0 

Applying 41b. loz. and 21b. 2oz. in succession, as a main- 
taining power, I found as under : — 
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tfriglit 

Are of TibratioD. lUte. 

41b. lo^ 

2° O' 

-Os. -2 

2 ' ^ 

1 86 

. +2 -5 

Wilih spring No. 8, 

and effective 

length *92 inch, the follow- 

ing results were obtained on two consecutive days : — 

If^eight. 

Arc. 

Rate. 

41b. ' loz. 

2° 15' 

— 2s. *5 

2 2 

1 89 

— 2 *8 

Reducing the effective length of the spring to *8 inch, the 

following results were 

obtained on consecutive days : — 

Weight. 

Arc. 

Rate. 

41b. loz. 

2° O' 

Os. 01 

2 2 

1 30 

0 Of 

4 1 

2 9 

— 0 -5) 

2 2 

1 30 

.-0 *2 V 

4 1 

2 9 

— 0 2) 


Hence, with cither of these lengths of this spring, the rate 
does not appear to be perc(^]Jtibly influenced by the extent of 
the arcs of vibration. In fact, the vibrations of the pendulum 
may, for all practi(!al pur})oscs, be considered as isochronous. 

The effective length of the spring was then increased to *92 
inch, and the following results were noted, without maintaining 
power : — 

Arc reduced from 2^ to 1® in 2h. 26m. Os. 


Do. 

do. 

2 

1 

2 

25 

45 

Do. 

do. 

1 

4 

2 

37 

0 

Do. 

do. 

1 

0 

2 

36 

40 


On three other occasions, with the same spring, and 
elective length *92 inch, tlie following comparative, results 
were obtained’: — 


^Weight. Arc. Rate 


41b. 

loz. 

2° 

15' 

— 4s. 

•0? 

2 

2 

1 

39 

— 4* 

■2 5 

4 

1 

2 

15 

— 5 

•0? 

2 

2 

1 

39 

— 6 

•2f 

4 

1 

2 

15 

— 5 

•o> 

4 

1 

2 

15 

— 5 

•OS 


Shewing that even with different lengths of this spring, 
the vibration may be considered as isoclnonous, with consider- 
ably different ai'cs of vibration ; and also that witlx tliis spring, 
a greater arc of vibration is produced with the same maintain- 
ing powrer, than with any other spring that has been tried. 

Spring No. 4 was next applied wi^out maintaining power* 
VoL. IV.— No. 22, Marcffy 1810. C c 



Wltb k l3a»-9xe of v^^naitioa was frdm' . ■' 

' ' . 2° 'Ih. ‘47nf(^j #- , 

do. • .1 48 ' 


do.^ , 

1 

SO 

1° to 

1 

S4 

do. . 

1 

,35 

do. 

1 

58 

do. 

2 

0 




Applying maintaining ppwer of 41b'. idz: and 2lb. 2bz. 
pecdvely, wilb ‘97 inch effective length the foUo^g tesults 
were noted ; — 


Weight. ' Arc. Hate. 

41b. loz. 2® 6' — ^2s, ’2 , 

2 2 1 30 1-2 


* Even with this cqpiparatiyely stiff spring, flie arc of ribration 
is greater with a maintaining power of 41b.. loz. than it was 
with 141b. Ooz., when the pendulum was suspended by two 
parallel silk threads. But the rate appears to vary more with 
the arc of vibration, than it did when No.; 3 was used. 

Reducing the length of this spring to '66 inchy the following 
results were obtained : — f 

Weight. Arc. Rate. 

41b. loz. 2° 3' —14s. -1 

^ 2 2 1 27 —11 -6 

Sliding up the isochronal piece still further, till the length 
of the effective part of the spring was reduced to *50 inch, the 
following were tiie results : — 

Weight. Arc. Rate. 

41b. loz. 2° 3' 18s. *0 

2 2 * 1 12 _14 -5 

• 

This farther shortening of the spring appears to hac’^e had a 
perceptible efffect on the arc of vibration^^ when the lighter 
weight was allied. 

I lasfljr attacbed the strongest spring. No. 5, and with 
effective length I’O inch. ’ 

Weight. Rate. 

41b. 13oz. — 15s. "5 

2 10 _13 -5 


Reducing the length of this spring to *8, the ibUowing 
results were obtained : 

Weight. ■ Rate. 

61b. 3oz: — 14s. ’6 



Siting up irochronal fitiill fiurtkerj till the length 
of the effect(ve'pii)^?Qf the spnug was induced to 'hOinch the 
following were the Jesuits : ' - 

Weight. totte. 

41b. ISoz, — 128. ’0 

2 iO —8-2 

The lighter weight, 21b. 2oz. employed, on experimenting 
with the weaker springs, was found insufficient to keep the 
pendulum in Tibr&tion with No.'5 : 21b. lOoz. was found 
adequate to the purpose, and it was toerefore employed. 

In experimenting with this spring, the arcs of vibration were 
not noted, nsT found that both it and No. 4 were too strong 
for the weight of the bob I was using, and to which the experi- 
ments indicate that No. 3 was excellently adapted. 

The arc of ribration with the spring, No. (viz. 2^ 15') using 
a weight of 41b. loz. required 191b. weight to produce it when 
the pendulum was suspended by the silken tlireads. 

It appears then, from the preceding experiments on suspend- 
ing springs didering in length hud strengtli, tliat there is one 
wffich, wiffi a given maintaining power, produces a greater arc 
of vibration than others, a^d gives the same ai'C of vibration with 
a smaller maihtaining power ; and, further, that with tliis same 
spring the vibrations may, in point of time, be all considered as 
isochronous, whether the arcs are large or small. And with 
the aid of the isochronal piece, a spring of the proper length 
and thickness may easily be selected in a very few trials. 

It may be noticed too, tliat unless this pendulum is first 
isochronized by some such method as tliat which has been 
pointed out, anomalies may be imputed to imperfect compen- 
saiiou, wliich have their origin in a verj' difi’erent source. 

In fine, it may be stated in conclusion, that-if the pendulums 
of astroimiuical clocks were iiiniished with what 1 have called 
an isochronal piece, any person possessing a few springs of 
different degrees of strengdi, may with very little difficulty 
determine wliat spring is best adapted to the weight of the 
pendulum, and also what part of the spring may be most 
advantageously employed in action ; and 1 shall not think that 
tlie attention which I have given to this subject lias been mis- 
spent, if any thing that I have done may contribute to the 
advancement of an art to wliich 1 have been professionally 
devoted during the whole of my life. 

London, March, 1839. 



3^ The 


IiII. Effects of lAghtning wpon the packd ship^New York / 

by Mr. Charles R/ch, at the request of the Editors.* 

Upon my first visit to Liverj^ol in May, 1827, the vessel in 
which I arrived was moored in Prince’s dock ,^ong side tlie 
packet ship New York, Capt. Bennett. This ship I repeatedly 
visited, and indeed was obliged to cross her deck to reach the 
wharf. Having been informed that she had been injured by 
lightning during her passa^ge, I examined her several times^ and 
the following are the main facts that I remember. 

The ship sailed from New York in April, and on the third 
day out, being the 19th, while in the Gulf Stream, in lat. 38° 9' 
N. and loi^. 61° 17' W., was struck by lightning at about day- 
light in the morning. The passengers being still in their 
berths, were roused ^ heavy report like that of a cannon 
close to their ears, and the cabin was filled with a dense smoke 
smelling like sulphur. It had been broad daylight, but was 
now almost dark as night. Rain fell in torrents — ^hail covered 
the deck; the lightning and thunder were almost simultaneous; 
the sea ran very high, and the water being at 74» F. and the 
air at 48o, the copious evaporation produced pillars of con- 
densed vapour reaching to the clouds. The scene was one of 
terrific sublimity. Some parts of tlie ship and spars Were for a 
moment on fire, but were quickly extinguished by the rain. 

The fiuid first struck her main royal mast, burst asunder 
three stout iron hoops with w^hich it was bound, and shattered 
the mast head and cap. It passed down the mainmast, one 
branch entered a store-room and demolished the bulk heads 
and fittings ; thenVe it went into the cabin, and conducted by a 
lead pipe passed out tlirough the ship’s side between wind and 
water, starting the ends of three five inch planks. During its 
progress it burst open the harness casks, shivered to nieces the 
large looking glass in the ladies’ cabin, and being inducted 
by the quicksilver on the back, it left the frame uninjured ; it 
overturned the piano forte, split into several pieces the dining 
table, and* by its influence so highly magnetized the chrono- 
meter as to render it during that passage not trust-worthy. 
,^Most of the watches which were under the gentlemen’s pillows 
were so highly magnetized as to stop them, and render it 
necessary to remo\'e all the steel w^ork. The gentlemen them- 
selves were, without exception uninjured, owing doubtless to 


* With additional facts selected by the editors from the full account pub- 
lished in Liverpool, May 12, 1^27^ and quoted in the New York Spectator, 
30, 1827-^Vi7/jOTfl?<*4f Journal 
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the non-conducfeg properties of the beds upon which they 
were eleepidg. dSt the time the* ship was struck, the lightning 
conductor not been put up ; but li was immediately after 
the accident raised to the main-royal-mast head. 

The conductor consisted of an iron-chain with links one 
fourth of an inch thick and two feet long, turned into hooks 
at each end ; at the top it ended in an iron rod half an inch thick 
and four feet long, having a polished point and rising two feet 
above the mast head; the chain^ descended down over the 
quarter, and being pushed out from the ship’s side about ten 
feet by an oar, descended a few feet below the surface of the 
water. 

Near two o’clock, P. M. it was observed that only four 
seconds intervened between the lightning and the tlnmder. 
At two o’clock there was a simultaneous flash and a shock like 
that in the moniing ; passengers in the cat)iTi saw the appear- 
ance of a ball of fire darting before them while the glass in 
the round house came rattling down. To those on deck the 
ship appeared to be in a blaze, so vivid was the flash which 
they saw distinctly darting down tlie conductor and agitating 
the water. All parts of the ship as before were filled with 
smoke smelling of sulphur. Although the conductor was of 
the size w^hich Dr, Franklin thought sufficient to sustain the 
severest shock of lightning without injurj^, yet it was literally 
tom to pieces and scattered to the winds, while it saved the 
ship. The pointed rod at the top of the conductor being 
fiised, was shortened several inches and covered over with a 
dark coating ; some of the links of the chain had been snapped 
off and others melted.^ ^ 

The shock affected the polarity of all the compasses on 
board, causing them to vary from the tme point and to range 
between each* other, hut they gradually returned 'within three 
points gf tmth. The chronometer of Captain Bennett, the 
commander of the ship w^hich did not usually vary more than 
three seconds in crossing the Atlantic, w as iioTv quite out of 
time ; it had gained for a considerable period seven-tenths of 
a second (in 24 hours,) and being 9ra. 42s. slow of Green- 
wich time when the vessel left New York, was found at 
Liverpool to be 24m. 33s. fast of Greenwich, making a 
difference of 34m. 16s. 

Three gold lever watches belonging to gentlemen passengers 
became so magnetized as to require that the principle part of 

* It i8 said that the same thing once happened in a Dutch church in 
New Tork ; a chain connected with the clock was melted and probably 
flared tho church. 
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ihe sted work dioi^ be removed. These had beiconie 
loadstokies actiag as magnets. It is kf out recollection 
also that in other acconnts published at the time it^was stated 
that the knives and forks and other articles of steel and iron 
became magnetized. Happily no person was killed, although 
several were knocked down and more or less injured. , 
Remarks . — ^In consequence of receiving the notice^ com- 
municated by Mr. Rich, we have been induced to republish 
the principal facts in the case of the packet ship New York, 
although the events happefied twelve years ago. The case 
was so remarkable, that the results ought to be preserved a» 
part of the permanent records of science. 

No ease could more decisively prove the importance of con- 
ductors. Had the ship been fimiished with the iron chain and 
rod at the moment of the first stroke it is almost certain that 
she would have escaped with little or no injury. Had the top- 
mast which was then shivered (its stout iron bands two or three 
inches broad and half an inch thick being burst asunder) 
been protected, there can be no doubt that the lightning 
would have shot down the conductor, saved the mast, and 
passed harmlessly into the sea. This was c^ecisively juoved in 
the second case, when the ship was again struck at two 
o’clock, P.M. 

. Her iron chain was then up, and the pointed iron rod 
ascended two feet above the highest topmast, She appears to 
have been enveloped in a condensed cloctiical atmosphere ; 
the clouds being so low that the flash and explosion were 
simultaneous ; and had there been no conductor, the second 
stroke, which appears to have been move powerful than the 
first, might have proved fatal to many of those on boiu-d. The 
discharge which the conductor received seems to have been more 
than it was able to convey away ; hence some yf the people 
were prostrated although not killed; they were (widently 
affected mechanically by the explosion, and electrically by the 
all-pervading electrical atmosphere ai'oiuid, but not being made 
part of the chain of discharge they escaped with little harm* 
The conductor was melted at the top and glazed, doubtless 
with vitrified oxide, and the chain exploded in fragments all 
about the ship. TWs proves that the conductor, aldiough it 
preserved the ship, was not perfect in construction or sufficient 
in size. 

Hooks and chains are objectionable because the continuity 
of c ommuni cation is interrupted by the intervening films of 


^ Of which a short account waspubliahed in this Journal, Vol xxi, p. 3&1. 



Bf Mr., GutrhB BiA. 37& 

m. It wmre much better to adopt the rope made of twisted 
copper Tfire^ It Suight be made of any desired Ssiite, and 
having perfect continuity, there would* be no interruption to 
the passage of the electricity. Being perfectly flexible, it 
might easily be coiled and stowed away lihe any of the rig- 
ging, and it would adapt itself to any flexion of the spars and 
masts. * It should be terminated above by a solid pointed con- 
ductor of copper or iron. Such a protection as this we can 
hardly doubt would prove suflScient, although in the case of 
very long ships it might be proper ^:o have more than one con- 
ductor. In steam ships there is an additional protection de- 
rived from their vast metallic apparatus which by its com- 
munication with the water affords the best possible channel of 
discharge. 

It is true that some years ago an explosion occurred in 
Charleston harbour, in the boiler of tl^ Savannah steam 
packet, from her being struck by lightning; caused possiUy 
by the sudden expansion of the steam already generated^ or 
the sudden generation of more steam by the intense heat. In 
conversation with the late Mr. Samuel Howard in whose 
charge the boat was at the time, he distinctly attributed the 
explosion to the lightning.* 

In the case of steam ships it may therefore be prudent to 
pass the conductor directly into the water and not to the 
boilers or other metallic apparatus ; although we should hardly 
expect any mischief, especially in the Atlantic steamers, 
whose amount of conducting surface is so prodigious. Every 
thing however goes to prove that all ships, especially ships 
for passengers where the risk of life may be great, should 
be provided with the best metallic conductors. 

Another fact which is remarkable in the case of the packet 
ship New Yoj-k, is the energetic magnetism Chat attended the 
lightning; chronometers, common watches, and compass-. 
needlesl)eiag all (by the lightning) rendered erratic and dan- 
gerous guides,^ no longer to be relied on. We* conceive that 
good conductors would probably prevent or greatly mitigate 
even these efiects ; but as it may not be possible entirely to 
tiiun the effects of electricity, and as it is of the utmost impor- 
tance i;hat the compass-needle should always be correct, we 
venture to suggest a remedy. 

Let every ship be provided with a small calorimotor and the 

r mdages of helix-wires, acids, &c. With this apparatus 
needles could be instantly restored or new ones (unmag- 


» He wai a gentleman of uncommon intelligence and good judgment— Sxn. Es. 
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nstiBed «nd earned for <1116 purpose) mi^ be naap^lsed witb 
certainty and with all requisite enw^ and di^iat^ Practical 
direetioiis can eatily be given if desired. ' 
l^wHavdn, September 9^ 1889.— Bus. 

LIIL On a remarkable property of Ekcirical Tenei^ ; By 
CHBI 8 T 1 AN DoppLERy I^o£essor of Mathematics at the 
Polytechnic Institute of Prague. From the Zeitschrift fur 
Physik, &c., VoL V, Part 342. Vienna, 1837. 

Marked and decided as has of late been, thanks to the 
researches of the first philosophers of the day, our progress in 
all the branches of electrical science, and active as their 
endeavors have been to add further facts to those we are already 
in possession of with respect to the reciprocal action of electric 
currents on each dther or upon magnets^ or, inversely, the 
influence of the latter on electrical currents, yet, we are never- 
theless, forced to confess, that the insight which we have 
gained into the essential nature of this mysterious fluid, has 
% no means kept pace with our progress m other respects. 

And however remote our hope may be of seeing tnis por- 
tion of natural science worked out in the satisfactory manner 
that others have been, yet we cannot but assent to the impor- 
tance, and indeed the ultimate necessity, of entering upon the 
enquiry : and consequently, every effort we make and every 
fact we can adduce, tending, even indirectly, to further the 
investigation, is worthy of attention. 

Bearing this in mind, I do not hesitate to make known the 
results of an experiment, which, should its truth be borne out 
by subsequent observers, may possibly lead to inferences of 
some importance. 

Some years ago, on the occasion of my publishing an 
essay upon the kindred subject of the probable dtuses of 
electriem excitation,* I was led to the conclusion, that 
wherever the^ is a case of electrical tension there must 
of necessity occur a change*in the shape of the electrified 
body ; and therefore, that on submitting a metal rod to such 
tension it must necessarily contract. To test the trpth of 
this inference, the following experiments! were instituted 
alternately. A brass tube of about three feet long, and like- 


* See Jahrbueber des k. k- poljtech i iDstitutes zu Wien. vol. 17. 

f They were performed at the Polytech : Institute at Vienna, about five 
years aao, with toe aid of the Comparator, an instrument admirably calculated 
for BOCA delicate measurements. 
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wise a solid bar of sin^ar lengdi^ but not near so thick as 
former, waa laid 'kpon insuUtiiig supports between the two 
feelers of a very sensitive arrangement’ of levers of contact, 
being however kept out of contact with them, by the inser- 
tion of strips of glass of suitable thickness. 

Now.immediately on receiving even a moderate charge of 
electricSty, the index of the lever of contact began to move 
perceptibly, and to indicate that a ^adual contraction of the 
bar was taking place, and this motion augmented so rapidly 
as the tension increased that, in brder to enable the eye to 
follow the range of the index with greater facility, it became 
necessary to substitute a simple lever of contact, for the com- 
pound one which was at first employed. Every time the elec- 
tric spark was drawn from the bar, or every time that it 
spontaneously discharged itself, the instantaneous recoil of 
the index of the lever, indicated the restoration of the original 
length of the metal ; from which, however, there was again 
a transition to contraction, immediately the state of tension 
was renewed. 

These experiments were repeated several times, and always 
with the same results, with however this difference, namely, 
that the contraction when the tube was employed was, pro- 
bably on account of its greater extent of surface, much more 
marked than when the bar w'as used. These results are the 
more surprising, inasmuch as on account of the gradual in- 
crease of temperature, (for in these preliminary experiments, 
a single pair of galvanic elements was also used,) we should 
rather have looked for an expansion of the metal. 

Now, though at the time of performing these experiments, I 
had reason to rest satisfied with having completely established 
what I had in view ; yet, I now feel convinced from having 
subsequently ^thought the subject over, that the results then 
obtained, I bear out certain inferences not perhaps altogether 
unimportant respecting the constitution and actual nature of 
the electric fluid. Nothing but the idea however, that this 
problematic phenomenon may b§ looked on by other experi- 
menters as of sulficient importance, to have its existence 
completely established or disproved, by a repetition of my 
experiment, could induce me to lay it thus before the public, 
in a state so imperfect in many respects. And though for 
the present, that is to say, till it is established as an indis- 
putable fact, I very properly refrain from expressing an 
opinion on the subject ; yet I trust 1 may be permitted tp 
subjoin a remark or two, and to allude, in passing, to an appli- 
cation of which, this new property of electric^ tension is 
perhaps susceptible, 
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Simply putting .this property of electrical tension beyond a 
doubt by careful and accurate experiments, ^ouldf certainly — 
as as it went, be a«tep in science ; but Uie subject would 

S ain additional interest, if in the investigation regard, was at 
le same time, paid not only to the length, but also to the shiqie 
and other qualities of the conductor, semi-conductor, pr non- 
conductor. For in point of fact, it is by no means improbable 
that a contraction which is considerable enough to be measured 
and expressed in numbers, will turn out to be proportional to 
the length of bars of simila/ form, but that its amount will vary 
with the different metals employed. And this result may be 
especially anticipated in the case of such metals as indicate 
opposite states of electricity, as for instance, copper and zinc. 
It would, in fine, be well to enquire whether the same identi- 
cal bar charged to an equal amount of tension, as indicated 
by the electrometer* first positively and then negatively, would 
indicate precisely the same amount of contraction. 

Now should this power of electrical tension to contract 
metal rods so considerably (a fact of which, as matters now 
now stand, I cannot entertain a doubt,) he really borne out 
by further experiments ; the idea of having recourse to it 
for the construction of an electrometer on a new principle, 
suggests itself readily enough. Without entering into a 
discussion as to the best arrangement for such an instrument, 
1 may be permitted to observe that probably any thin strip of 
metal, one of whose sides is covered with an elastic non-con- 
ductor ; as for instance, a coat of elastic varnish, would, on 
being coiled up into a conical spiral, probably answer the 
purpose very well. One of its ends would have to carry an 
index, as is the ca^ with a mctallc thermometer, or would be 
made to communicate its motion to a lever. 

The amount of contraction thus placed at ou( disposal and 
which, all things considered, is by no means inconsiderable, 
justifies the presumption that such an arrangemeiu would 
furnish us witli a very sensitive electrometer. 

It will not perhaps be thought two much if in concluding 
this short communication, I express the hope that other 
observers will consider this phenomenon worthy of further 
notice and examination. 

JULIAN GUGGSWORTH. 

Wonnwood Scrubs, 18th April, 1839. 
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ih$ yindieaiing Electricity of Compact Solid 
Insulating Strata.^ 

The first phenomena that have ’been observed with 
regard to the vindicating electricity of compact insulating 
strata, were those, a notice of which was sent by the father 
Jesuits ^at Pekin, to the academy of St. Petersburg, in the 
year 1755, and which may be read in the 7th volume of the 
new commentaries of this academy. Signor Symmer in his 
third Memorial, which was read ^ in the Royal Society of 
London, the 20th of December, 1759, says he charged two 
thin sheets of glass, joined together by their naked surfaces, 
and externally coated ; when the charge was completed, he 
took the upper plate, by two of its angles, and when he 
raised it, he saw that the under plate stuck to it, and re* 
mained suspended to it ; when lie had discharged the plates, 
the adhesion ceased. He recharged the two plates, then 
having inverted them when thus united, he made the plate 
that communicated at first with the chain, communicate now 
with the ground, and that which communicated with the 
ground, communicate with the chain ; when lie found that 
after the electrization had, in this state of things, been 
continued a certain time, all adhesion ceased. Using after- 
wards two plates coated on both their contiguous surfaces, he 
found that no adhesion took place. Signor Symmer makes 
use of these two experiments in order to confute the theory 
advanced by certain philosophers, of two electric fluids, the 
one affluent^ the otlier effluent ; he pretends that each of the 
two distinct united glasses may be considered as the one of 
the surfaces of a single plate ; that one of^ the glasses is im- 
pregnated with an electricity of one kind, and the other glass 
with an electricity of another kind ; he moreover is of opinion 
that the adhesion of the two naked plates of glass is a de- 
monstrating proof ^of the existence of two antagonist forces. 

Signor Cigtiarin the fourth chapter of his dissertation, 
carried still farther the experiment of the fathers of Pekin, 
and of Signor Symmer. He relates that two naked glasses, 
by rubbing the upper surface of them, remained united, both 
to each other, and to the gilt paper, or the sheet of lead, on 
which they were placed ; that in this state they gave no sign 
of electricity; that if they were then separated from the 
paper, or the lead, they manifested on their two external 
surfaces the same kinds of electricity ; that if the paper or 
lead was again joined to the glasses, the electric signs again 
ceased ; that if the paper, or lead, was kept parted from the 
glasses by means of a silk ribbon, ihe paper or lead manifested 
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ad eletitriciliy i^ontrary td' tBat of the glasses'; that if thd 
g^ses were likewise kept separated from each^other, they 
al^ manifest contrary^'dlectricities* 

I do not propose to repeat all the numerous experi- 
ments which I related in my book intitled, Observationes 
atque experimenla quibus electricitas vindex late cons^ituitor 
et explicatur. I am actually employed in promoting my 
enquiries on this subject^ and if I meet with ^ome success, 
1 propose to publish what ^discoveries I shall be able to make. 
A^an while 1 shall only repeat in this place, the experiment 
which is made with the two plates, A B, « 4, M N, m n, 
(PI. IX. fig. 1.) jointly charged, and I shall express the 
successive effects of the vindicating electricity in tnis experi- 
ment with the figure 2. 

And first, in order to perceive the unity which really 
takes place in all tte phaenomena of the vindicating electricity, 
however contrary to each other some of them may appear, it 
must be observed, I. That the law of the vindicating elec- 
tricity of compact insulating strata, for instance, plates of 
crystal, is the same with tbe law of the vindicating electricity 
of rare insulating bodies, for instance, silk ribbons.* II. That 
the whole specific difference between them lies in the former 
being capable of a charge, which the latter are not. III. 
Thence it results that the alterations of electricities, which 
are readily affected with bodies of a rare texture, by disjoining 
and rejoining them, and not so with compact insulating strata ; 
such alterations are confined to those surfaces of the latter 
which are kept joined together by the contrary electricities 
of the other Iwo^^surfaces, which constantly endeavour to 
preserve their contrariety to each otheVy and their equality 
with the electricity of the surfaces which are united together. 

For instance," I. Two ribbons contrarily electrified, when 
they unite together, reciprocally destroy Jfheir ele^i^-icities, 
and thus remain adherent. After the same manner, if two plates 
A B o 4, M '"N m w, are joined by their respective sunaces, 
a by M N; contrarily electrified (1 suppose the surface A B 
to be positively electrified, and the opposite a by negatively ; 
therefore M N is positively electrified, m w, negatively) 
these two contrary electricities will endeavour to destroy each 
other ; the redundant fire in M N will endeavour to diffuse 
itself into a by and fill up its deficiency ; but this reciprocal 
suppression of electricities cannot be effected otherwise than 
by a joint annihilation of the excess in A B, and of the 
deficiency mmn ; therefore, in consequence of the impene- 
trablility of tbe plates, some external communication becomes 


* ]|CH;oaris gives a chapter on rare insulating bodiesi in the iojdliB work.— X ditob. 
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necenary ; and, will no sooner be procured, than die 
excess of N ^ diffuse itself into a 6, when the electricity 
of the two surfaces a b, M N, will be annihilated after the 
eanie manner as the electricities of the two ribbons were 
before. 

Agun, the two ribbons, when they are separating, freely 
recdvef their electricity, which they had readily lost jrhen they 
joined ; and in the same manner, the two plates M N m n, 
A B a &, in the instant they are separating, endeavor to 
recover on their surfaces a M the electricity they have 
lost in consequence of their union together, and of the com- 
munication <H their external surfaces. Yet it is to be 
observed that the surface M N, in its endeavor to recover 
its excess, is restrmnfed by the diflSculty which the insulated 
opposed surface m n, experiences in dismissing an adequate 
part of its own fire ; and the surface a h likewise, in its endea- 
vour to recover its deficiency, is restrained by the difficulty 
which the opposite surface A B experiences in recovering an 
adequate excess; whence it happens that the two disjoined 
plates, — I. Manifest electricities reciprocally contrary ; II. 
Similar electricities take place over the two opposite surfaces 
of the same plate ; III. And this electricity is of the same 
kind as that recovered by the disjoined surface. 

The reason is, that in disjoining the two surfaces, a 6 M N, 
1. The the surface M N, hy endeavouring to recover its 
former excess, endeavors at the same time to drive away a 
qi;antity of natural fire from the opposed surface m n. Now, 
as the latter remains insulated, it cannot transfuse any fire 
into the ground, neither can it accumulate any within its coat- 
ing c d ; it therefore must accumulate it od the open surface 
of this coatmg, agmnst the contiguous air : so that there will 
result an excessive tension in the natural fire of the ambient 
air, and^ redundant atmosphere around mn. 11. Likewise, 
in the*Mt of the same separation, the surface a 6, in endea- 
vouring to resume its former defficiency, drawsf according to 
ihe Franklinian theory, certain quantity of redundant fire, 
to the opposite surface A B : now, as this surface remains 
insulated, it cannot derive this fire from the ground, neith^ 
can it draw it from the internal substance of its own coating ; 
it must then draw it from the outer surface of this coating, 
that is, from the surface of the contiguous air (if before se- 
parating the plates, the coatings arc t^en off, the experiment 
will equ^y succeed). Therefore, a particular relaxation 
will arise in the natural fire ‘of the mr around the plate A B ; 
there will result a deficient atmosphere. 

This explanation how the atmospheres arise, which take 
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idae^ over <ihe mrhces oppomte to those nehich are disfoining, 
l^bewise suffices to explain the singular eirciimstaiice of similar 
oldctricities arising over opposite surfaces of the same plates, 
if while the two plates ABaft, MNmtt are separating, two 
sharp points are kept presented to their external surfaces, the 
brush appears on the point directed to A B, and the ^ star on 
the other* which is directed to mn: the same force* which, 
when the points are presenting, draws a brush to A B, and 
drives the fire that forms another brush from m n, this same 
cause I say, when these t^o surfaces remain insulated, draws 
to A B the natural fire of the contiguous air, creating a 
deficient atmosphere over it, and throws excessive fire from 
n into the air contiguous to it, raising ih it a redundan:; 
atmosphere. 

That afterwards, over the external surfaces correspondent 
to a bf M N, whcn^tliey are separating, atmospheres arise that 
are homologous to the electricity which these surfaces recover, 
is what appear^ natural, when wc consider, that the latter 
surfaces resume^ by virtue of their separation^ greater 
electricities than those which can possibly be raised on the 
opposite surfaces^ which are insulated. * This principle being 
admitted, it follows that if the surface M N, cannot drive 
from the opposite surface a quantity of fire sufficient to 
produce in it a deficiency equal to the excess recovered by the 
same M N, it follows, 1 say, that ^ portion of this excess 
must flow outward, against the contiguous air, and there pro- 
duce a a redundant atmosphere. Likewise, if the Surface 
A B cannot draw to itself a quantity of fire sufficient to produce 
in it an excess equal to the deficiency recovered by a 6, it 
follows that this A B must, from the air contiguous to it, draw 
a certain quantity of fire, and thus produce a deficient atmos- 
phere over itself. That is to say, the excess redundant in, 
and flowing of, N M, against the air contiguous it, y^su facto 
lessens the excess in this M N, and thus brings It to a state 
of less inequality with respect to the deficiency actuated in 
m n ; and the fire which from the contiguous air flows into 
A B, ipso facto lessens the deficiency in it, and thus brings 
it to a state of less unequality with regard to the excess in a b. 

These explanations of the vindicating electricities of two 
plates, may be demonstrated by the experiment in which, 
after jointly charging and discharging them, 1 continue for an 
hour and more to obtain sparks by touching them when separ- 
ated, and again touching them irhenTejoined ; and reciprocally, 
the above explanations throw a Complete light on that same 
expm'iment, which 1 never could repeat without exciting the 
wonder of those who were unacquainted with electrical 



operations^ and attracting the attration at the Philosophers 
who earned my experiments* 1 join the two plates 
A B €1 d, M N m n together^ by their naked surfaces in 
contact with each other ; and then introduce into the coating 
C Dt for instance, the electricity of the chain ; the charge 
completed, 1 discharge them ; t^ done, 1 separate them, and 
touch tlie coatings; Ijoin them again, and then again touch 
them ; and thus doing, 1 continue to excite a very long series 
of sparks : here follows the manner after which 1 operate. 

X begin with exciting sparks frofh the coating alone of the 
upper plate ; tliat is to say — I. I continually touch with one 
of my fingers the under coating c d. 11. When I separate 
tile plate A B, I take care not to touch its coating C D. 
III. Having separated this plate, I immediately touch it, and 
give a spark to it ; that is to say, I give to A B an excess 
adequate to the deficiency contnutted hy a»6, at the instant of 
the separation. IV. I cense toucliiiig A B ; I rejoin the two 
plates, and touch again C D, and draw sparks- from it; by 
means of which 1 draw off the excess I communicated to 
A B after the last separation, and which it does no longer 
require, when in a state of coiijiiiiction. V. Proceeding thus, 
with the usual caution, not to touchy the coatings in the act of 
separating, or of rejoining the plates, 1 continue to giv^ sparks 
after every separation, and take them back after rejoining the 
plates. 

In general the spark which I draw after rejoining the plates, 
is more divided tlian that which I gave after separating them. 
In very favourable weather, after separating the plates, I 
often draw two or more succesbivc sparks ; but after re- 
joining them, the fire that leaps from my fi&ger is completely 
united into one spark, and much more vivid. 

In order to understand the reason of thisf difference, we 
must coUj|ider — ^1. That the fire which flies from a &, in con- 
sequent of the deficiency which now takes place in it, goes 
to M N in order to form the excess which this^ N wants; 
therefore as an excess arises in A B, in consequepce of my 
touching it at times, so a deficiency arises in m in conse- 
quence of its constant communication witii my hand. 11« 
When 1 rejoin the two plates, the excess I have introduced 
into A B cannot be annihilated but so far as the excess in 
M N runs to fill the deficiency in ab ; and the excess in M N 
does not depart, but when 1 give fire to m in order to fill 
its deficiency. III. In fact, if^ while I rejoin the plates, I 
keep my fingers at a distanefi from m n (or its coating c df) 
then 1 cannot draw from A B the excess 1 introduced into it ; 
because as I do not then fill the deficiency in m the excess 
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cModt be tnniliilaJbed in M N, nor ^ deScieiiey m « 
plied. IV. However, when I touch m (oir pd) ^while 1 
1 n^n the plates, the excess of AB is not for all tmt thrown 
out at once, because the surfaces a i M N, do not instanta* 
neousiy toUch each other in all their parts; hence a slowness 
and successiveness take place in all the respective anniUlations 
of the excess in M N, of the deficiency in a A, and of the 
excess in«A.B. V. But when after separating the plates 1 
|)resent my finger to C D, or (A B) the excess is at once 
thrown to it from my finger, owing to the violence which the 
whole A B then wants an excess adequate to the deficiency 
then completely formed in a &. 

Conformably to what has been said above, we must take 
care that every time that the plates are joined, they be 
pressed together for some few seconds of time, in order that 
the small charges which have been formed by the separation, 
may have time both to dissipate entirely, and to arise agaih 
with more strehgth, when the separation will be again eiFected. 

1. If after touching the plates when rejoined, they are 
again disjoined without drawing a spark, and then rejoined no 
spark will be thrown from A B, because it has in such case, 
r^eived no fire. 11. If after touching the plates when sepa- 
rated, they are rejoined, then disjoined again, without pre- 
viously drawing a spark, A B then receives no spark, because 
it has given none at the time of its last joining with the other 
plate ; so true it is that insulating bodies contrarilg electric- 
fiedy are disposed, when they join together mutually to anni^ 
hilate their reciprocal electricities, as well as to recover them 
again, when they are separated. 

I have hitherto')' in the experiment of the two plates, only 
examined that kind of electricity which is common both to 
compact insulating bodies, and to those of a rarer texture : I 
mean that kind of electricity, by virtue of whi^i iheurecover, 
when separated, the electricity which they had lost%y their 
being joined together, and which I call positive vindicating 
electricity. Now, I shall in the same experiment, examine 
that kind of vindicating electricity which is proper to compact 
insulating bodies, "'and by virtue of which, when they are 
separating from one another, they give vp the electricity 
with which they had been impregnated ; this 1 call negative 
vindicating electridiy. 

Having therefore jointly charged the two plates A B a I, 
M N m 91, I begin the operation of successively disjoining and 
rejoining them : in order to effdbt this more easily, I clip one 
of t^e angles of one of the plates; and then I observe, I. 
That the plates, when they are disjoining, manifest signs of a 
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11. They afterwards reaeb 
to ^ laal; liaiits V Uiis electricity. 111. Thea successively 
folibw, for a very , lang space of time» te give signs cf aposi. 
tim vimliMling electricity. That is to say, 1. At first, the 
surfaces a 6, M N, when they are separating, lose a part of 
4he eleatricity widi which they are impregnated. 11. Then 
they reach a certain term at which they do not, notwithstand- 
ing they are again separated, lose any more of the electricity 
which remains in them, nor recover any portion of that which 
they gave up when the negative vihdicating electricity began 
to act, or even afterwards when the positive vindicating elec 
tricity began to take place. 

In the meanwhile, the similarity of the atmospheres that 
take place over the two surfaces of the same plate, both when 
the positive vindicating electricity, and the negative one ob- 
tain, tbougli it has been looked upon as jTatal to the Frank- 
linian theory, really proceeds from the following principle, 
which is the foundation of this theory, which is, that the con^ 
trary electricities of plates^ which by virtue of the separation 
of the latter^ are become unequal on each opposite surface^ 
severally endeavour to return to a state of equality ; that is to 
say, that electricity on the one of ike two surfaces, which 
the separation has caused to have grown less, endeavours to 
lessen the electricity on- the other surface ; and vice versa, 
that electricity which, in consequence cf the separation, is 
become superior to its opposite one, tends to increase the latter. 

Therefore, when 1 at first begin to separate the two plates 
ABaft, MNmit, the excess of M N and the deficiency of 
a h endeavour mutually to lessen each other ; but the other 
two surfaces A b, m n, being insulated, theif respective excess 
and deficiency are not altered ; that is to say, the excessive fire 
is, as it were, drawnirora M N into a b ; the deficiency in a h, 
thus became Ibss than the excess in A B, and endeavours to 
lessen IF; it therefore drives a portion of this excess in A B, 
against the air contiguous to it, and thus creates the redundant 
atmosphere over A B : and reciprocally, the excess in A B 
being now greater than the deficiency in a b, end'eavours tb 
increase it ; it drives a part of the fire remaining in this a h, 
into the air contiguous to it, and raises over it a redundant 
atmosphere. Likewise, the excess in M N being become less 
than tne deficiency in m n, endeavours to lessen it, it draws 
fire into m n from the air contiguous to it, and tliiis renders its 
atmosphere still more deficient; and reciprocally, the defi- 
ciency in m n, being greater^than the excess in M N, endea- 
vours to draw fire into the latter, from the air contiguous to it) 
and thus raises a deficient atmosphere over it. 

VoL. IV. — No. 22, March, 1840. D u 



Qa tile other bi^ when after the rm the pontive 
vkukeatinjf electricitv, 1 again separate toe ]da4Se^ both the 
excess in M K, an<F the . deficiency in a fi, continue to be 
r^roduced, though the contrary correi^ndent electricities 
cannot arise on the surfaces A B, m n, which reuudn insulafeed: 
therefore the greater deficiency in a b, endeavours to increase 
the lesser excess in A B* by drawing the natural fire ttom the 
contiguous air into it, and thus raises over A B a defici^t 
atmosphere ; and reciprocally, tiie less excess in A B endea- 
vours toiessen the deficiency in a£ ; to that end it draws fire 
into it from the air contiguous to it, and thus raises over it a 
defident atmosphere. Likewise, the greater excess in M N 
endeavours to increase the deficiency in nt n, driving its fire 
from it into the air contiguous to it, whence results a redun- 
dant atmosphere over m n ; and reciprocally, tlje less dor 
ficiency in m n endeavours (o lessen the excess in M K ; to 
that end it drives a part of the latter’s redundant fire into the 
air contiguous to it, and thus raises a redundant atmosphere 
over it. 

Conformably to these principles, t. When I. separate the 
plates A B a 6, M K m n, for the first time after their being 
charged, they resist so much the separation, that there is great 
danger in breaking them. II. h\om the coating C D a 
strong spark leaps to the nearest finger of that of my hands 
which holds the plate A B a h, and the edge of its coating 
C D appears all round sparkling with very vivid brushes : 
this demonstrates to me that a diminution of the excess of 
A B takes place, at the instant when the dificiency of o is 
forcibly lessened. 111. Likewise, in the act of the same 
separation, a strdhg spark flies from the finger with which I 
hold the plate M m n, to it coating c d, and its edge appears 
all round shining with vivid sparks ; this manifpts to me that 
a diminution of the deficiency of m n, is effected at, the same 
time that the excess of M N is forcibly lessened. Mean- 
while, the fleshes of light which appear between the surfaces 
a (, M N, while they are separating, are produced by the fire 
which, by virtue both of the excess in A B which remains 
superior to the deficiency in a b, and of the deficiency in in n, 
which remains superior to the excess in M N, endeavours to 
leap from the above a b mto M N. V. In this state of things, 
the upper plate A B a & repels the white ribbon from botii 
its surfaces ; over which, as has been explained in the prece^ 
ing paragraph, similar redundant electricities take j^bce. 
yi. On the contrary, the under plate, M N m », repels a 
blank ribbon from both ita surfaces, by virtue of the deficient 



tttmoqiliere; as hath be^ aho explainad, takes place 
over beth itfei siirfhces. . 

' The plates being joined agun, the intensity of these attrac- 
tions and repulsions lessen ; because the excess of M N, and 
the deficiency of a 6 are now respectively kept back by the 
extern^ deficiency of m n, and the external redundancy of 
A * The adhesion of the plates takes place again^ but in a 
less degree than formerly, proportionably to the diminution 
which the original charge has suffj^red from the first separa- 
tion ; and by proceeding to a second separation, the same 
phenomena continue to take place by virtue of the same causes 
as formerly, though their intensity is proportionably lessened. 

Continuing thus to join and s^arate the plates, we pretty 
soon attain a term at which, L ihe plates cease to manifest 
any sensible adhesion* IL In separating them no light ap- 
pears. III. After the separation, they do not sensibly draw 
or attract rubbed ribbons. This term is the point of tne con- 
trary inflexion, the limit between the negative vindicating 
electricity which takes place at first, and the possitive one 
which succeeds to it. This term is sooner attained, according 
as the insulation of the plates is less complete : in this case 
one plate sometimes reaches to this term a little before the 
other, which still continues to draw and repel ribbons with a 
sensible degree of force. Lastly, this term is attained, before 
the effect of the separations has entirely annihilated the charge 
introduced at’ first into the plates. In fact, if they are rejoined 
immediately after the term is passed, they still give pretty 
strong shocks. 

If, after the term is passed, the platei^ are successively 
joined and separated, but without touching them ; they begin, 
by virtue of these successive separations, to recover their 
former electricities : that is, the surface a ft oT the plate A B 
a 6, begios to recover a part of what deficiency it had at first, 
and the surface M N, begins to recover also a part of what ex- 
cess it may have lost. Whence it happens that, after the 
separation, the deficiency of a b, being become greater, en- 
deavours to increase the excess of A B, by drawing into it 
the natural fire of the air contiguous to it ; and reciprocally, 
{he excess of A B, being less than the deficiency a b endea- 
vours to lessen it, by drawing into the same a ft, the natural 
fire of the air contiguous to it ; so that a ft and A B^then be- 
gin to repel the black ribbon. Likewise the excess of M N, 
being become greater thaif the deficiency in m n, endeavours 
to increase it, by driving the* fire oi mn into the air contigu- 
ous -to it; and reciprocally, the deficiency of m n, being less 
than the excess of M N, endeavours to dimini^ih it, by driving 
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tbe fire M N into the contiguous air, wh^ce M N and mm 
begii| to repel the white ribbon. And thus ihe negaiivt vin- 
dicating electricity becomes changed into a positive vindieaU 
ing electricity. 

By continuing thus to reioin and disjoin the plates, those 
portions of electricity that had been lost are pretty jquickly 
recovered on all sides, by virtue of these successive &epara« 
tiona ; the adhesion of the plates, and the repulsion of the 
ribbons also increase in proportion ; so that it appears that aU 
these phenomena of the positive vindicating electricity, con- 
tinue till that degree is attained, at which the charges that had 
been introduced are annihilated. 

Beyond this term, if the plates are continued to be re- 
joined and disjoined, for an whole hour or more, without 
being touched, they continue to shew some adhesion to each 
other ; they continue when separated, to repel ribbons con- 
formably to the kind of electricity which they have resumed on 
their internal surfaces, &c. 

I have represented in the fig. 2. of the PI. IX. the series of 
the above alterations of the vindicating electricity. Kow I 
shall make use of this figure, in order to explain the 
vindicating electricity of the plate M N m n, (PI. IX. 

The same explanation will serve for the electricity of 
its fellow-plate ; only, the ordinates must be taken on the 
other side of the absciss. Let the two equal right lines O F, 
V F represent the excess introduced into M N by the charge, 
and the deficiency introduced into m n. On the first separa- 
tion of the plates, M N will, for instance, lose the portion u F 
of its excess : therefore, it will in consequence of tnis separa- 
tion appear negatively electrified over both its surfaces ; the 
plates being joined again, it will recover part of its former ex- 
cess, and will thus be brought to have then the whole of its 
excess equal to P G. In consequence of a new separation, 
a portion x G of the same excess will again be lost ; and dius 
it will at lasbhappen, that M N will have that precise degree 
of excess at which a further separation can no longer lessen 
it ; so that H is the point at which the vindicating electricity 
begins to be altered, that is, from negative beepmes positive. 
At a following separation, by virtue of which the remaining ex- 
cess is already reduced to the less value li I, the plate, instead 
of continuing to lose any more of its excess, on the contrary 
begins to recover the portion of it I y. Hence, as the remain- 
ing excess from the charge, in M*l5, is gradually reduced, to 
to the less values Kb in L* A in L, and o in M, the 
surface M N gradually recovers greater portions ^ its 
former excess, K s, h z, M From that point afterwards 
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the surface M by virtue of other puccessive Beparations, 
will for a vhry long while continue to recover portions of its 
former excess, which (the operation b^ng continued without 
touching the plates) will gradually vanish at every successive 
conjunction of the same. 

And* thus the portions of a curve O Q M, o q M, will, 
with their^ircspective ordinate, express the excesses and de- 
ficiencies, both primitive and remaining, of M N and m n ; the 
portions of a curve m H t?, V H^if V, will, with their ordi- 
nates, express as far as H, the negative vindicating electrici- 
ties, and beyond H, th# positive vindicating electricities, of 
the surfaces M N, m iz. The same portions of the curve 
which serve to express the degrees of positive and negative 
vindicating electricities that take place at every successive 
separation of the plates, will also serve to represent the pro- 
gression of the mutual adhesion of the plates, u F, U F will 
express the greatest degree of the adhesion of the plates, 
when they still retain their whole charge ; which value will 
gradually lessen conformably to the successive lessening ordi- 
nates, ^zr G, X G ; at the instant when the negative electri- 
city will take place, this value will be o in H, that is, at the 
point of the contrary inflexion ; and thence it will continue 
quickly increasing, then very slowly decreasing, conformably 
to the successive ordinates, 1 1 Y, K K S, L j?, L Z, 

M M §*, &c. 

With respect to the experiments that are made on the vin- 
dicating electricity of a single plate A B aft (PL IX. fig. 3.) 
by diqoining its coating C D, they differ much in point of in- 
tensity and duration, from the experiments that are made with 
the two plates jointly charged. Of this difference the cause 
partly at least is manifest : in the separation of the two plates 
jointly charggd, the vindicating electricities of the two sur- 
surfae£» which are disjoining, co-operate together ; and this 
circumstance must increase the effects, and better preserve 
the efficient causes ; that is, the dispositions tutroduced by 
the charge of the plates, by vijtue of which they endeavour to 
dismiss their respective electricities to a certain degree, and 
beyond this degree, to recover the same. 

With regard to the manner kfter which the same vindicat- 
ing electricities exert themselves, I observe, I. That positive 
vindicating electricities exert themselves after the same man- 
ner, when only one plate is used, and separated from its coat- 
ing, as when both are uslfed^ and successively separated from 
each other. II. Negative vindicating electricities also exert 
themselves after the same manner, if the charge introduced 
into the single plate is very weak, consisting for instance, of 
only two or tlu'ee sparks from the first conductor ; because the 
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Gha]|[e which is usually introduced into the.joined plates,, is 
lilLewise small, on account of the thickness of^he whole. 
I II. But if the charget introduced in the single plate be much 
intense, then the phenomena which result from disjoining the 
coaling of it, while the plate retains its whole charge, are 
proportionably different from the phenomena which resmt from 
separating the two plates, when they only possess their jmnt 
charge. ^ 

That is to say, each of the plates that retain their charge, 
manifests, in consequence of a separation, the same electricity 
on both its surfaces, with that of tl:]|p .surface which is dis- 
joined ; but the plate which h^ been charged alone, and pos- 
sesses a considerable degree of charge, manifests that kind 
of electricity on the surface which is disjoined from its coatings, 
which is proper to that surface ; and the contrary kind of 
electricity on the qther . surface. Thus, if the single plate 
A B a & be strongly charged, positively in A B, and negatively 
in a bj it will, after the coating C D is taken off, repel a white 
ribbon from A B, and a black ribbon from a b. 

The reason of this is, that charges universally endeavour, 
with a force proportioned to their intensity, to grow gradually 
less ; and this force counteracts the force with which tliey en- 
deavour to ke^p their state of mutual equality, the force by 
which the single charged plate endeavours, when separated 
from its coating,- to actuate similar atmospheres in the aircon^ 
tigwus to its two surfaces. When I take off the coaling C D 
from A B a 6 , which 1 suppose to be strongly charged, I 
lessen the electricity of A B ; therefore, by virtue of the force 
with which the two contrary electricities constantly endeavour 
to keep their state of equality, the deficiency in a & must 
lessen, and the excess in A B of course somewhat increase: 
as the electricity on both surfaces strongly endeavours at the 
same time to grow less in consequence of its vlry intensity, 
the deficiency in a 6 very strongly lessens by the^nited 
efficiency of tqe two above causes, and the excess of A B, even 
after the separation of its coating, will continue to decrease a 
lijitle, in consequence of the lessening force, which arises from 
the intensity of its charge, and surpasses that which tends to 
an equality ; thence, a certain quantity of fire flows from A B 
into, the contiguous air 3 but a & at the same time draws fire 
from the air contiguous to it with very great force, and after 
ibis manner the above effects take place. 

' I have repeated the above observations from my above men- 
tipned book on the vindicating electricity^ ^nd added some 
new ones, in order to throw some more light on the subject ; 
witb regard to the nature of the adhesion which accompanies 
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vindicating eleciticities, 1 shall only subjoin two trials I have 
made about^it. The firat is as follows ; if two plates, either 
charged, or lately discharged, and which therefore strongly 
adhere to each other, are immersed into an extensive subtle 
flame, or, when taken from this flame, are suspended within a 
large glass bell, emptied of air they soon part from 
each <nher. The other experiment is that of disjoining 
bodies naturally joined, for instance, strata or sheets of talc, 
or of spato : no electricity at all arises from these bare sepa- 
rations. With respect to the caus^ of the vindicating electri- 
city, and of the adhesion that accompanies it, it certainly 
would, if discovered, throw a considerable light on the pro- 
perties of insulating bodies, on the manner of their charges 
on the nature of electric atmospheres, and consequently on all 
the most striking phenomena of electricity, such as the brush 
the star^ and the electrical motions. A* consideration this 
which is very apt both to excite us to investigate such cause, 
and restrain us from barely imagining it. 

LV . — Synoptic View of the precise amount of pure Carbon^ 
yielded by the rigid analysis from the Charcoals of thirty 
principal known Woods ; by W. F. Weekes, Esq., Surgeon. 
Lecturer on Philosophical and Operative Chemistry, &c, 
&c., Sandwich.* 

Some twelve years since 1 was induced from circumstances 
arising out of engagements in the laboratory, to undertake a 
somewhat extensive series of experimental researches relative 
to gaseous, liquid and other products of numerous specimens 
of ligneous fibre, exotic as well as indigenoij^s ; subsequent to 
which course of enquiry, the charcoals of the respective 
woods were made the subject of extrcmly cautious analysis. 
From my minptes of the results then obtained, I select thirty 
of the pfincipal specimens, and have brought them into a 
tabular view, under tlie impression that it is a point of some 
importance to the chemist and man of general science, as well 
as to certain manufacturers and others, to posses^ a source 
of reference upon which may be placed unqu^ified reliance, as 
respects the per centage of pure carbon^ generally present in 
the charcoals from various specimens of wood ; though I am 
aware that some few results of this description have already 
been given to the scientific world, by anmytical chemists of 
no small celebrity* I shall only further observe, that the 
wfaoile series of cnarcoals *was obtained by close distillation 
from woods cut down in tBeir full vigour, and afterwards 
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gradually dried by exposure to the atniosph^/re. Tlw follow- 
ing synopsis is arrai^d in the order of their {furity down- 
wards! — 


CHARCOALS. ^ 

Amount of 
Pure Carbon 
in '# 
100 graiiui. 

Mulberry 

99,50 

Chestnut 

99,38 

Yew a 

99,05 

Birch 

99. 

Cherry 

99. 

Box 

98,75 

Maple 

98,75 

Sycamore 

98,75 

Ash 

98,75 

Cedar 

98,75 

Lime 

98.75 

Holly 

98,40 

Lignumvitm ... 

98,40 

WiUow 

98,25 

Beech 

98,13 

Pear 

98,13 

American Oak 

97,50 

Hawthorn 

97,50 

Laburnum 

97,50 

Poplar 

97,50 

Alder 

97,25 

Evergreen Oak 

96.88 

Plum 

96,87 

Mahogany 

96,25 

Elm 

96,25 

Apple 

96,25 

English Oak ... 

-95. 

Walnut ......... 

93,75" 

Ebony 

92,40 

lancewood 

86,25 


Hence it will appear that between the two extremes of the 
table, mulberry and lancewood, independent of Tariadons m 
the intermediate series, there exists a difference in purity 
amounting to 13,25 grdns per cent. ; and it may be further 
worthy of remark wat, notwithstanding the striking want of 
uniformity in the external character of many woods, precisely 
the same amount of pure carbon appears to be essential to 
thw constitution. 
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LVI. — Oft Tornadoes and (Ersted's Memoirs respecting 
them. By Robert Hare, M. D. rrofessor of Chemistry, 
in the Pensylyanian University, Philadelphia. 

TO THE EDITORS OF THE NATIONAL GAZETfs. 

Deaf Sirs, — I believe it is generally admitted by electricians 
that the enormous discharges of the electric fluid, which, during 
thunder gusts, take place in the form of lightning, are the 
consequence of the opposite elec&ical states of an immense 
stratum of the atmosphere coated by the thunder clouds, and 
a corresponding portion of the terrestrial surface. In a memoir 
published in the 5th volume of the American Philosophical 
Transactions, republished in Silliman’s Journal, volume 32, 
for 1837, 1 had endeavoured to show that the tornado was 
the consequence of the same causes pia>ducing, in lieu of 
lightning, an electrical discharge by a vertical blast of air, and 
the upward motion of electrified bodies. In your Gazette of 
the 30th ult., you have re-published an article by the cele- 
brated QSrsted in which it is alleged that tornadoes or water- 
spouts cannot be caused by electricity, because there is no 
evidence proving that persons exposed have experienced elec- 
trical shocks. To me it appears evident that the scientific 
author confounds the different processes of discharge to which 
I have alluded, the one occurring in thunder gusts, the other 
in tornadoes ; also that he has forgotten that a shock can be 
given neither by a blast of electrified air, nor by a continuous 
electrical current, a transient interruption of the circuit being 
indispensable to the production of the slightest sensation of 
that nature. If a person, having a conductibg communication 
between one of his hands and a charged surface of a well in- 
sulated battery, hold in the other hand a pointed wire, the 
battery ^ill ble discharged through him and through the wire, 
produ6¥ng a blast of electrified air from the point, without his 
experiencing any shock; neither would a shock be given to any 
person by exposure to the blast thus produced. 

This form of electrical discharge to which I ascribe torna- 
does, in which electricity is conveyed from one surface to 
another by the motion of air or other moveable bodies inter- 
vening, is by Faraday designated as convection^*' from the 
hatin “ conveho,” to carry along with. 

In the comparatively minute experiments of electricians, the 
process of convective discharge, is exemplified not only by the 
^ectrified aerial blast, but Hkewise by the play of pith balls, 
the dance of puppets, or the vibration of a pendulum, or bell 
clapper. The passage of sparks is found to arrest or to check 
such movements, and in like manner the passage of lightning 
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has been observed to mitigate the vertical foi^ of a tornado. 

While a meteor of this kind, which passed over f^rovidence 
last year^ was crossing the river, the water, within an area of 
about three hundred feet in diameter, was found to rise up in 
a foam, as if boiling. Meanwhile two successive flashes of 
li^tning occurring, the foam observed to subside after 
each flash. It is thus proved that a discharge by lightning is 
inconsistent with the discharge by convection, and mat so far 
as one ensues, the other U impeded. 

In an account of a tremendous storm of the kind of which 
I have been treating, published in Silliman’s Journal for July 
last, it is mentioned, that, at its commencement, it was only 
a violent thunder gust. This is quite consistent with the 
experience acquired by means of our miniature experiments, 
in which a discharge, by sparks, may be succeeded by a dis- 
charge by convection, or vice versa, or they may prevail al- 
ternately. In one case the electric fluid passes in the gigantic 
sparks called lightning, in the other it is conveyed by a blast 
of electrified air. In the former case animals are subjected 
to deleterious shocks, while in the latter no other injury is 
sustained than such as results from collision with the air, or 
other ponderable bodies. 

In the case of the tornado, the vertical blast is accelerated 
by the difference between the pressure of the air at the earth’s 
surface, and at the altitude to which the blast extends. 
Should this be a mile there would be a difference nearly of 
one hundred and forty-four pounds per square foot. During 
the tremendous gale which prevailed at Liverpool last winter, 
the greatest pressure of the wind was estimated at only thirty 
pounds per square* foot. So far as the ingenious inferences 
and observations of Mr. Epsy, as to the buoyancy resulting 
from a transfer ef heat from aqueous vapour to air hold good, 
the vertical force so alleged to arise, will co-operate^ to aid 
the influence of electric discharges by convection. 

The distinguished author of the memoir alluded to at the 
outset of this communication, conceives that were electricity 
the cause of tornadoes, the magnetic needle should be dis- 
turbed by them ; and without advancing any proof that such 
disturbance does not take place, founds thus an objection to 
electrical agency. I conceive that it would be unreasonable 
to expect a magnetic needle to be affected by an dectrified 
blast of air, if protected from its mechanical force. 

It has been shewn, by Faraday, that without peculiar 
management, tending to prolong the re-aetion, the most deli- 
cately suspended needle cannot be made to ^verge in obe* 
diance to the most powerfid discharges of mechanical elec- 
tricity. An electrical spark may impart a feeble magnetism. 
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but it is too rai>i<| and transient to effect a needle* Moreover, 
when a needle is at right angles to an electric current, which 
would be quite competent to influence it, if parallel to it, 
there can be no consequent movement, since the current 
tends to keep it in that relative position. The direction of 
every electrical discharge, inducing a tornado, must neces^ 
sarily ife nearly at right angles to the needle, since it must 
be vertical, while the needle is necessarily horizontal, when 
so supported as to traverse with facility. 

I do not perceive any facts or suggestions in the article by 
CErsted, which are competent to render the phenomenon of 
which he treats more intelligible than it was rendered hy the 
accurate survey and examinaiion of the track of the New 
Brunswick tornado, by Dallas, Bache, and Espy, in con- 
nexion with accounts published by other witnesses of that 
and other similar meteors. • 

It seems to be admitted, on all sides, that within a certain 
space there is a rarefaction of air, tending to burst or unroof 
houses. That the upward blast consequent to this rarefaction, 
carries up all moveable bodies to a greater or less elevation ; 
that an afflux of air ensues, from all quarters, to supply the 
vacuity, which the vertical current has a tendency to produce. 
Trees, within the rarified area, are uprooted, and sometimes 
carried aloft ; but on either side of it, or in front, or in the 
rear, are prostrated in a direction almost always bearing 
towards a point, which during some part of the time in which 
the meteor has endured, has been under the axis of the column 
which it formed. 

It appears to me that all the well authenticated charac- 
teristics enumerated by Qilrsted, are referable to the view of 
the case thus presented. This distinguished author assumes 
that there is a whirling motion, although between American 
observers ,this Is a debated question It seems in the highest 
degree j^obable that gyration does take place occasionally, if 
not usually, since in* the case of liquids: rushing irto a vacuity, 
a whirlpool is very apt to ensue. But as slight causes will in 
such cases either Induce or arrest the circular motion, such 
movements may be contingent. It would however appear pro- 
bable that when gyration does exist, it may, as the consequent 
generation of centrifugal force tend to promote or sustain the 
rarefaction, and thus contribute to augment the force, or pro- 
long the duration of a tornado. 

From observations made upon the track of the recent 
tornado at New Haven, I am led to surmise that there was 
more than one axis of gyration and vertical force — I conceive 
that in consequence of the diversities in the nature of the 
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bodies or the soil, there was a more copioua^emission of elec- 
tricity from some parts of the rarefied area than *bthers.' In 
two instances waggons with iron wheel tires and astles, were 
especially the objects of the rage of the elements. Trees 
equally exposed were unequally affected, some being carried 
aloft, while others were left standing. The area of a ^rnado 
track may be more analogous to a rough surface than a point, 
and the electricity may, from its well known habitudes, be 
given off from such bodies as are from their shape or nature 
most favorable to its evolution. 

Since these inferences were made, I have observed in Reid’s 
work upon Storms, that similar impressions were created by 
facts observed^ during a hurricane at Mauritius in 1824. It 
was remarked that narrow, tall, and decayed buildings, ready 
to turn into ruins escaped, at but little distance from new 
houses which were overturned or torn into pieces. It was 
inferred there were local whirlwinds, subjecting some locali- 
ties to greater violence than others in the vicinity. In the 
case of other hurricanes similar facts have been noticed. 

It may be expedient here to subjoin, that I consider a hur- 
ricane as essentially a tornado, in which an electric discharge 
by ** convection^** associated with discharges in the form of 
lightning, takes place from a comparatively much larger sur- 
face. In the case of the hurricane, however, the area of the 
track is so much more extensive, that the height of the vertical 
column to the diameter of the base being proportionably less, 
there is necessarily a modification of the phenomena, which 
prevents the resemblance from being perceived. In the case 
of the hurricane, the column is too broad to come within the 
scope of a human eye. 

So much has lately been presented to the public, either 
through the newspapers, journals, or lecture^ which I con- 
sider demonstrably incorrect that I can hardly, consistently 
with my love of true science, remain an inactive observer of 
the consequent perversion of the public mind. Unfortunately 
it is difficult, if not impossible to discuss such subjects without 
a resort to language and ideas, which are too technical and 
abstruse for persons who have not made chemistry and elec- 
tricity an object of study — I have however prepared a series 
of essays, in which the causes of storms are stated, agreeably 
to my view of this important branch of meteorology — I am, 
gentlemen, yours truly. 


ROBERT HARE. 
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l^Ylh^ Ah account of a remarkable Tornado which occurred 
towards the last ofju/ne^ at Chatenay, near Paris; being 
translated from the Report of a Parisian samnt'^ Peltier ^ 
appointed to ascertain whether insurers were liable for the 
losses under policies against damage from thunder storms 
(See Jounial des Debats for the 17th of July.) Also Re- 
marks and Annotations by R. Hare, M. D. Professor of 
Chemistry, in the Pensylvanian y Diversity, Philadelphia. 

FOR THE NATIONAL GAZETTE. 

Messrs. Editors : — You had published a memoir on Tomar 
does by a distinguished foreigner, CErsted. Conceiving the 
impression conveyed by that article less worthy of considera- 
tion than those which had been presented in a memoir which 
1 bad previously published, I hope that I shall be considered 
as having had a sufficient incentive for endeavouring through 
the same channel to correct the erroneous impressions which 
that memoir was in my opinion of nature to produce. 

In my letter to you of the 26th ult. it was stated that I 
considered tornadoes as the consequence of an electrical dis- 
charge superseding the more ordinary medium of lightning. 
From an acticle which lias since met my attention in the 
Journal des Debats, published on the 17th July at Paris, it 
appears that a tremendous tornado accurred about the last of 
the preceding June in the vicinity of that metropolis. The 
losers applied for indemnity to certain insurers, who objected 
to pay on the plea that the policies were against thunder 
storms not against tornadoes. This led to an application to the 
celebrated Arago, who referred the case U) another savant, 
Peltier. 

From the report of Peltier, of which I subjoin a translation, 
it will be seen that, excepting his neglect of co-operative in- 
fluence x>i the elasticity of the air, he sanctions my opinion that 
a tornado is the effect of an electrical discharge.* 


* 1 had presented copies of the ])ampUlet containing my memoir to M. Arago 
and several other members of the institute. In a subsequent conversation he 
referred to some of the suggestions which it contained. As it conveyed a view 
of the question decisively favourable to the claimants, it may be inferred that 
it must have been alluded to by Arago and thus have become the source of 
ll^clticr^s impressions. It may therefore be anticipated that due acknowledg- 
ment will be hhrcafler made by him wlien ,he realises his promise of making 
a more elaborate report on the tornalo of Chitenay. Before entering upon 
the ^uments by which 1 sustained my hypothesis it was briefly stated in the 
following words: ** Ajtvr maturvly considvrwg all the fails / oift ltd to suggest 
tluit a tornado is the effect of an ekcirijied current of air superseding the more 
unwkt means of discharge between the earth and clouds^ in those vivid sparks 

tshich we call lightning'^ 
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Yesterday," says Peltier, I tisited &he eommmie trf 
Gfaatenay in the canton of Ecouen, depar^ent (Sf Seine and 
Obe, and investigated: the disasters experienced in the month 
of June last, from a tornado which first originated over the 
valley pf Fontenay des Louvres* At present 1 can give only 
a summary account of this wonderful phenomenon. ^ 

Early in the morning a thunder cloud arose to the south 
of Chatenay, and moved at about ten o’clock over the valley 
between the hills of Chatenay and those of Ecouen* The 
cloud having extended itself over the valley, appeared sta- 
tionary and about to pass away to the west. Some thunder 
was heard but nothing remarkable was noticed, when about 
mid-day a second thunder storm coming also from the south 
and moving with rapidity advanced towards the same plain of 
Chatenay. Having arrived at the extremity of the plain 
above Fontenay, opposite to the first mentioned thunder cloud, 
which occupied a higher part of the atmosphere, it stopped at 
a little distance, leaving spectators for some moments uncer- 
tain as to the direction which it would ultimately take. That 
two thunder clouds should thus keep each other at a distance, 
led to the impression that being charged with the same elec. 
tricHy, they were rendered reciprocally repellent, and that a 
conflict would ensue in which the terrestrial surface would 
play an important part. Up to this time there had been 
thunder continually rumbling within the second thunder cloud, 
when suddenly an under portion of this cloud descending and 
entering into communication with the earth, the thunder 
ceased. A prodigious attractive power was exerted forthwith, 
all the dust and other light bodies which covered the surface 
of the earth mounted towards the apex of the cone formed hy 
the cloud. A rumbling thunder was continually heard. 
Small clouds wheeled about the inverted cone rising and de- 
scending with rapidity. An intelligent spectator, Mc.Dutour, 
who was admirably placed for observing, saw the "column 
formed by the tornado terminated at its lower extremity by a 
cap of fire^ while this was not seen by a shepherd, Oliver, 
who was on the very spot, but enveloped in a cloud of dust* 
To the south-east of the tornado, on the side exposed to 
it, the trees were shattered, while those on the other side of it 
preserved their sap and verdure. The portion attacked 
appeared to have experienced a radical change, while the rest 
were dot affected. The tornado having descended into the 
valley at the extremity of Fontenay, approached some trees 
situated along the bed of a rivulet, which was without water 
though moist* After having there broken and uprooted every 
tree which it encountered, it crossed the valley and advanced 
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towards aome aAier trees, which it also destroyed* In the 
tie;Kt place* hesitating a few moments p if uncertain as to its 
route, it halted immediately under the first thunder cloud* 
This, idthough previously stationary, now began as if repdled 
by t^ tornado to retreat towards the valley to the west of 
Chate^ay. The tornado after stopping as 1 have described, 
would tntallibly on its part, have moved on towards the west 
to a wood in that direction, if the other thunder cloud had not 
prevented it by its repulsion. Finally it advanced to the park 
of the castle of Chatenay, overtlirowing every thing in its 
path. On entering this park, which is at the summit of hill, 
it desolated one of the most agreeable residences in the 
neighbourhood of Paris. All the finest trees were uprooted, 
the youngest only, which were without the tornado, having 
escaped. The walls were thrown down, the roofs and chim- 
neys of the castle and farm house carried away, and branches, 
tiles and other moveable bodies were thrown to a distance of 
more than five hundred yards. Decending the hill towards 
the north, the tornado stopped over a pond killed the fish, 
overthrew the trees, withering their leaves, and proceeded 
slowly along an avenue of willows, the roots of which entered 
the water, and being during this part of its progress much 
diminished in size and force, it proceeded slowly over a plain, 
and finally at the distance of more than a thousand yards from 
Chatenay, divided into two parts, one of which disappeared in 
the clouds, the other in the ground. 

In this hasty account 1 have, with the intention of return- 
ing to this portion of the subject, omitted to speak particularly 
of it effects upon the trees. All those which came within the 
influence of the tornado, presented the same aspect ; their sap 
was vaporized, and their ligneous fibres had become as dry as 
if kept for forty-eight hours in a furnace heated to ninety 
degrees ^bove the boiling point. Evidently there was a great 
mass 8 t vapour instantaneously formed, which could only 
make its escape by bursting the tree in evei^ dweetion ; and 
as wood has less cohesion in a horizontal longitudii;al, than in 
a transverse direction, these trees were all, throughout one 
portion of their trunk, cloven into laths. Many trees attest, 
by their condition, that they served as conductors to continual 
discharges of electricity, and that the high temperature pro- 
duced by this passage of the electric fluid, instantly vaporized 
all the moisture which they contained, and that this instanta- 
neous vaporization burst anl the trees open in the direction of 
their length, until the wood, 'dried up and split, bad become 
unable to resist the force of thd wind which accompanied the 
tornado. In contemplating the rise and progress of this phe 
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BomeiiOBi see the conversion of an ordikary thundergust 
into ^ tornado ;* we behold two masses of clouds ^oppos^ to 
other, of which the upper one, in consequence of the re* 
pidsion of the shnilar electricities with which both are charged, 
repelling the lower towards the ground, the clouds of the lat- 
ter descending and communicating with the earth by clpuds of 
dust and by the trees. This communication once formed, the 
Sunder immediately ceases, and the discharges of elaetricity 
take place by means of the clouds which have thus descended 
and the trees. These trees traversed by the electricity, 
have their temperature, in consequence, raised to such a point 
that their sap is ya]^orized, and their fibers sundered by its 
effort to escape. Flashes and fiery balls and sparks accom- 
panying the tornado, a smell of sulphur remains for several 
days in the houses, in which the curtains are found discoloured. 
Every thing proven that the tornado is nothing else than a 
a conductor formed from the clouds, which serves for a pas- 
sage for a continual discharge of electricity from those above, 
and that the difference between an ordinary thunder-storm 
and one accompanied by a tornado, consists in the presence of 
a conductor of clouds, which seems to maintain the combat be- 
tween the upper portion of the tornado and the ground 
beneath. At Chatenay this conductor was formed by the 
influence of an upper thunder cloud, which forced the lower 
portion of an inferior cloud to descend and come into contact 
with the terrestrial surface.” 

Peltier concurs with, me in the opinion that the tornado 
supersedes lightning, by affording a conducting communi- 
cation between tlje terrestrial surface and thimder cloud : bu|: 
he conceives that the cloud, by its descent, becomes the con- 
ductor, through which the electric discharge is accomplished : 
whereas, agreeably to the explanation which 1 suggested, a 
vertical blast of air, ana eveiy (tarried aloYt, contributes 
to fonn the means of commiimcation. Agreeably 'lo this 
suggestion, Ae cJcctic fluid does not pass by conduction, but 

convecticiDj” as explained in my letter of the 26th ult. That 
the idea of the })aiisian savan, that the cloud acts as a con- 
ductor, is untenable must be evident, since the light matter of 
which a cloud is const! Mted could not be stationar}’^, between 
the earth and sky, in opposition to that upward aerial current 
of which the violence is proved to be sufficient to elevate not 
only water, but other bodies specifically much heavier than 
this liquid. * * 

‘ * See 5th voL of the; American Philosophical transactions, or Silliman^s 
Jeurnal for 1837, voL 32, jiage 154. 
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3o isiacli of tbSi narrative of Peltier as relates to the repulsion 
between thV thunder clouds, is inconsistent with any other 
fsets on record res])ectiDi^ tornadoes which have come within 
my knowledge. It should be recollected that this part of the 
story does not depend upon the obsen^adon of the author, and 
may be due to the imagination of the witnesses whom he ex- 
aminea. The most important part of his evidence, is that 
respecting the eifect upon the trees, which appears to me to 
demonstrate that they were the me^um ol‘ a tremendous elec- 
trical current. 

In my memoir I noticed the injurj' done to the leaves of 
trees, and stated my conviction that “ an it inconceivable 
that mechanical laceration could have thus extended itself 
equally among the foilage^ a surmise may be warranted that 
the change was effected by electricity associated with the 
iornado.^^ • 


LVIII . — Description of a new Voltameter. By Martyn 
Roberts, Esq- In a letter to the Editor, 

MyJDear Sir. — If you think the following account of 
an nstrument worthy of a ])laee in your Annals of Electri- 
city, you are at liberty to insert it. I contrived the instrument 
last w inter, and found it exceedingly useful in comparing the 
decomposing powder of dilferent electric currents. I brought 
it before the Itoyal Society of Edinburgh, where it was much 
approved of. ' ' 

The usual way of measuring the quantity of gas developed 
by the poles of a galvanic battery, is by an instrument called a 
voltameter, of which there are many forms ; but to all there 
is an objection, viz., the trouble, and often difficulty of refilling 
the tube with the liquid to be de'tiom posed.* I'hc change 1 
have ma^e iif the form makes it a very simple instrument, 
giving*|^eat facility of manipulation, w hich you wdll allow is 
of importance in all electrical experiments. ]\4j" voltameter 
fig. 5. pi. IX. is a glass tube, bent like the letter IJ, and sunk 
into a w'ooden stand, as deep as the dotted lines in the figure. 
One leg a will contain about three cubic inches of gas, and on 
its length, is cut a scale dividing it into inches and tenths, 
cubic ; on the summit of the other leg 6 is a reservoir c which 
will contain something more than three cubic irithes. 

About an inch above the lowest point of the curvature of 
the tube, and in the leg a two holes are bored in the glass, 
and in these are cemented i^o short pieces of No. 6 platina 
wirc.c/.^/. The ends of these wires in the tube, must be close to 
each other, but must not touch. The outward ends of these 
VoL. lY. — Xo. 25, March, 1810. E e 
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wires tenmnate^in two binding screws, for the purpose oi 
attaching to them the wires of a battery. On thcf summit'of 
the leg a is a stop-cocfk 

To use die instrument, fill both legs with dilute sulphuric 
acid to the level of the stop-cock, or ratjher to zero on the 
scale. Shut the stop-cock, and fasten the battery wires in 
the binding screws : the decomposition of the water now com- 
mences, the gas rises in the leg a and the liquid is raised into 
the reservoir c and this will continue until the liquid is 
depressed in the leg a beldw the platina wires. The number 
of inches and tenths, of gas produced in a given time is marked 
by the scale, and gives, of course, the comparative power of 
the battery as usual. But now if you wish to repeat the 
experiment, you have only to open the stop-cock, the gas 
rushes out, and the apparatus is instantly ready for another 
trial. 

I remain^ my dear Sir^ yours truly y 

MARTYN J. ROBERTS. 

LIX. — 0/1 an Air Electrometer ; by B. W. Coward, Esq. 

In a Letter to the Editor. See fig. 4. PL IX. 

Dear Sir, — The instrument consists of a glass cylinder, three 
inches diameter, by eight inches in length, on each end of w'hich 
a brass cap is cemented air tight ; passing through the upper 
cap, and near the edge is a glass tube B blown with a funnel- 
shaped end (for the purpose of exposing a greater surface,) and 
bent so as to leave a short parallel arm of about two inches and 
a half. To the long arm of this tube, a narrow graduated 
scale of ivory is affixed by means of fine wire. C and D are 
brass wdres and balls placed in the centre of the caps, the 
upper one sliditjgin a collar of leather. In order to use this 
instrument, the tube B must be filled to about the Jhejght of 
two inches, with a fluid, on the surface of which in the long 
^rm must rest a light guage made of ivory, and sliding so 
freely as tp require very slight springs made of quill, to res- 
train it by thin pressure in any part of the tube. 

Now it is evident if a charge be passed through the cylinder, 
tl e air in it will be displaced, and pressing down the fluid in 
the short arm, it will rise in the long one, and of course the 
guage with it, whi'^ h by the springs, will be restrained at its 
maximum height. The gauge is represented at E. 

Tlie advantages to be derived from this construction of the 
instrument, I conceive to be, — " 

1st. The appearance is more elegant, 
itnd* It is more easily affected. 
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3rd. Tbgre is no slopping about of a large quantity of fluid 
in the bottom of the cjdimder. 

4th. Should the^ tube require cleaning, or the fluid 
replenishing, it is easily eflPected. 

5th. The permanent indication aflForded by the guage, of 
height^o which the fluid has risen. 


LX . — The Aurora Borealis^ df September 3d, 1839. 

A very singular aurora borealis appeared at London, on 
the evening of the 3rd of September, 1839. It first made 
its appearance about a quarter before nine o’clock, and con- 
tii?” jd nec..!y the whole of the night. I was walking from 
Brixton l^eckham, between nine and ten, and kept the 
aurora ii* view the whole of the time. * I first saw it when 
passing Brixton ^diurch, then about nine o’clock ; its appear- 
ance was that of a yellowish light, at a small altitude above 
the northern horizon. In the course of a few^ minutes, a few 
faint straggling streams glided upwards to a considerable 
height; and soon afterwards several groups of brilliant 
streiiks of red and white light shot over an immense track of 
the northern heavens, to nearly the zenith. Besides these 
streamers, there were also splendid blushes of alternate 
stationary and moving red and white light. The sky was 
partially covered wdth thin vapoury clouds, wdiich had an 
obvious influence on the colour, and the apparent horizontal 
motion of the light, which light also was easily distinguished 
to be behind or beyond these thin clouds# of vapour; and 
assumed a deeper tinge of redness as the vapour became more 
dense betw een it and the spectator As this w as the first 
time of my oJjscrving this red light during the display of an 
aiiroraei 1 became very anxious to know its cause, for I never 
yet saw the electrical light in {irtificially attenuated air any 
thing like the colour of the light which I ol)s?ervcd on this 
occasion. It was sometimes of a deep crimson, at other times 
of an almost fiery red, then pink, very light pink, next the 
white colour of the usual aurora, and so on for several 
alternate successions. And at other times the aurora w ould 
seem to reverse the order of colours, l)cginuing with the ordi- 
nary white light, and passing through the different red tints 
down to the perfect crimson; and then return gradually to 
the ordinary white. I haS several oj)portunities of observing 
these curious changes in the colour of the light before 1 
.arrived at Camberwell. Just before I entered the grove at 
Camberwell, then about half -past nine, the northern sky was 
illuminated through an immense horizontal range, with a 
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r ' »Ddid red light, but when I arrived in the church yard, 
ut five minutes afterwards, the red light had iiearly dis* 
appeared, only a small portion remaining on the northern 
edge of a thin fleece of vapour, at a considerable altitude 
above the western horizon ; being replaced by several splen- 
did groups of the usual white streamers. From this time 
till a little before ten the aurora languished very considerably, 
but about five minutes before ten it re-appeared with all its 
former splendour, with the exception of the red colour. Ibis 
last sudden display presenfed many exceedingly fine groups of 
intense streamers which shot upwards to the zenith, and 
covered an immense space in the heavens, but lasted only a 
few minutes before they vanished and appeared to leave the* 
night in comparative darkness. I watched the aurora till 
about half-past ten, but as at that time there appeared no 
reason for its contiriuance much longer, I ceased my observa- 
tions. I understand, however, that the aurora re-appeared in- 
great splendour, and continued till three oV-lock next morning.. 

I never, before, observed an aurora borealis expand to so 
great a horizontal range as that which I have now partly des- 
cribed. Lyra and Capella were excellently situated for 
giving a good idea of the horizontal extent of the aurora, the 
former star being just within it| western, and the latter just 
within its eastern margin. The thin vapoury clouds presently 
clearing away, these two conspicuous stars were afterwardis 
noticed to be within the limits of the auroral beams. Before 
ten o’clock the sky had become pretty clear, and the stars shone 
in everv part of the visible heavens, I did not observe any 
meteoric stars. William Sturgeon. 


LXI . — American Philosophical Society. 

Professor Bache, in behalf of Professor Alexander, of 
Princeton, made a verbal communication of a desefiption of 
the aurora borealis, of September. 3rd, 1839, as it appeared 
at Princeton, 

At about ten or fifteen minutes past eight, P. M. an ill-de- 
fined, but considerably bright light was seen to extend for 
some distance above the horizon, in a direction nearly due 
east ; it was similar, in intensity and appearance, to a lunar 
twilight. Soon after this, a continuous arch or zone of light 
was manifest, extending from the same spot to the opposite, 
or nearly opposite portion of the western horizon. This soon 
separated in two parts,* and, after a short interval, beams of 

• Two arches, it is believed, were at this time Ibrined, and either separated 
tbroughout their entire extent, or united only near their extremities ; but this 
my notes do not explicitly stete. 
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light shot vp from the eastern portion of the arch 'which were 
speedily multiplied in every direction around the observer, ex- 
cept within about thirty degrees of tlie true (or, it might be, 
magnetic) south. 

A corona was soon formed, which was at first quite indis- 
tinct, and was not continuous for any great length of time, 
during the existence of the aurora, except at the period of its 
greatest brilliancy. At about twenty minutes past eight, this 
corona was situated in a line with, and ab(»ut midway between 
nAquil® and a Lyrae. This may be considered 'as a very 
tolerable approximation to its position, though, from the ap. 
pai*ent intersection, or, as it might almost be termed, inter- 
weaving of the beams which composed it, it was not often easy 
to fix upon the place of its centre with mucti precision, if 
indeed that which seemed its centre, did not really change its 
place ; since, at times, it seemed to occupy a position very 
sensibly lower than that which the preceding observation 
would indicate. 

At about half past eight, the appearance of the aurora was 
superb. The radiations which extended from the corona, 
nearly reached the horizon in every direction, with the excep- 
tion of Uiose which tended toward the southern space before 
mentioned, which, it is belicvtd, was even at this time bounded 
hy something like an arch, that was convex towards the zenith. 
The aurora was often party-coloured ; frequently of a rose- 
red, especially in spots, in that portion of the sky which might 
be supposed to be near the plane of the dipping needle ; and 
also about the centre of the corona. It w^as in the part of the 
heavens here described, that the arch of greatest intensity 
could most commonly, if not uniformly, be traced : though the 
crown of it frequently faded away, or became excessively 
faint. « 

Between the spots, of red light, or beams of the same tint, 
others were observed, which, either from the effect of the first 
mentioned colour, or something peculiar to themselves, ap- 
peared of a colour approaching to a bottle-green. * 

At times, again, when the corona was deficient, the ap- 
pearance of what remained on each side of the vacant spot, was 
not unlike that of two immense comets ; their heads some 
small distance asunder, and their tails turned eastward and 
westward. 

The light of the corona, when most perfect, was quite dense, 
not only at tlie central point,, but also near to what seemed to 
be the outer limits of its radiations, at which the tint com- 
monly exhibited the nearest approach to white. 

Two meteors or shooting stars were seen, which in botli 
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casea appeared to pass between the aurora and the eye of the 
observer ; one nearly in the direction of the arclf of greatest 
intensity, and the other almost perpendicular to it. The pre- 
cise times of their appearance were not noted, though they fell 
within that period in which the phenomena already described 
were exhibited. 

The corona formed again at nine ; and, though* again 
broken, was imperfectly visible after that time. 

At half past nine, the eastern portion of the sky became 
tinted with intense red and green ; but at half past ten, little 
else remained than the appearance of bright horizontal beams 
of white colour in the north. 

If it be admitted that the centre of the aurora was precisely 
midway between a Aquilm and « Lyrao, at twenty minutes past 
eight, its azimuth must have been 1° 14' 4"2" E. of S., and its 
altitude 73 ” 27' 6"#; the latitude of the observer being 49^’ 20' 
47'^ N. The point thus designated, M ould be very nearly in the 
direction of the dipping needle ; the dip being, by observation, 
72 1 47' 6" (72° 47. 1') and the variation (though notaecurately 
determined,) some 4° W. or that of the S. end of the needle, 
of course, the same extent to the east. The degrees of azimuth, 
reckoned on a parallel to the horizon at an altitude of 72'^ and 
more, being small, the deviation from the direction of the 
dipping needle, measured on the arc of a great circle, would be 
scarcely more than 1° towards the N. W. 

Professor Bache stated that his own observations near 
Philadelphia, of the altitude of the apparent converging point 
of the auroral beams, at nine P. M. made it but about 09" . 
He had witnessed a case of the appearance of a dark spot of 
irregular shape, between two beams of light, which M^as cer- 
tainly not a cloud, as the stars M^ere not at aJl obscured by it, 
and which he supposed to be the phenomenon referred to re- 
cently by Professor Lloyd. No mottled dloudg, such as 
usually attend the aurora, were visible during th^ period 
between nine and ten o’clock, when he had been able to ob- 
serve. Professor Bache stated that he did not place much 
stress upon his measurements, as he had been prevented from 
sustained observation by indisposition. There had been, in 
the newspapers, an account of an auroral display visible at 
London, on the morning of the fourth of September, at 
.about the same absolute time as at Princeton, according to 
Professor Alexander’s observations. It was said to have been 
accompanied by a very unusual number of shooting stars, com- 
pared m one statement of the ^lendid display of November 
13th, 1833. 
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LXII. — A.JN'ew Method of Illuminating Microscopic Objects, 

By tlie Rev. J.B.Reade, M.A., of Caius College, Cambridge * 

In Dr. Goring’s valuable memoir of the Verification of Mi- 
croscopic Phenomena, it is observed, the verification of the 
real nature, form, and constmction, of a vast variety of objects 
which' elude the sense of touch by their extreme minuteness, 
can only be made out by an attentive study of their appear- 
ances, under a variety of methods of illuminationyi The 
methods of illumination at present adopted are four in numbm', 
and consist in die application of direct and oblique reflected 
lights and direct and oblique transmitted light. 

The first two methods are applicable to opaque objects, but 
for the examination of transparent objects, aU the methods 
are available. The two latter, however, it is well known, are 
those most commonly used. 

Now, when microscopic objects, not opaque, are viewed with 
oblique reflected light — ^the flame of the candle being placed 
higher than the stage of the instrument, and its light con- 
densed upon the object — ^it is invariably fomid that the maxi- 
mum of condensed light which can be obtained by this method 
is sufficient for the full devclopement, of many important cha- 
racters. If, again, transmitted light, cither direct or oblique, 
be substituted for reflected light, obstacles of a still more 
serious nature greatly interfere with accurate investigation. 
Delicate tints are lost ; colours naturally bright, or even bril- 
liant, are all but absorbed ; the texture and construction of ob- 
jects are erroneously represented ; and, in fact, nothing is seen, 
in many cases, but a magnified image of the object in mere 
black and wiiite. Nor is this all; for befides this defective 
representation, the eye of the observer is ahvays subject to 
much painful excitement, arising from the intense illumination 
of the whol^ field of view. And here, in fact, lies the great 
practical inconvenience of the present method ; for, to take a 
common case — an object about l-300th of an im?h in diameter 
being placed in the middle of the field of view, the diameter of 
which is about 1-1 2th of an inch, and consequently being 
l-625th part of the area of the field of view, the eye haste cem- 
tend with 624 parts of the bright light, wliich are not brought 
to bear upon the illumination of the object. Hence, a method 
by which this intense glare shall be wholly removed, and that 
witliout the loss of a single cflectivc ray, must evidently be su- 
perior to the one usually employed, in the ratio of at least 
600 to I. 

* From Goring^ and Pritchard’s Micrographia. 

t Microscopic Cabinet, p. 183. 






lately engaged in the examination ofk few test objects^ 
li^wened to notice that the feathers of the Lyc)ma argm^ 
^eaheld above the flame of a candle^ exhibited at a certain 
angle all their peculiar tints, and at the same time the flame 
was not visible to the eye. It then occurred to me, that by 
preserving the same angle under the microscope, the advantage 
of amplification would also be accompanied by the natural 
colours of the object. The requisite angle was readily obtained 
by making the axis of the microscope coincide with the line 
firom the object to the eye, while the candle and the object re- 
tained their relative positions. The result accorded with my 
anticipation, and 1 was gratified by the exhibition of the most 
brilliant diamond tints, sparkling with exquisite lustre on a jet 
hla^k ground, Tliis new method of illuminating microscopic 
objects, it is at once apparent, consists in obtaining oblique re- 
fracted light. 

On submitting a series of objects to the same illumination, 
I was soon convinced of the value of the discovery ; and I 
scarcely know which to admire most — ^\vhether the very natural 
appearances of objects, adorned, as they invariably are, by the 
presence of their most delicate colouring, or the j)ersonal com- 
fort of the observer, arising from the absence olall superfluous 
light. To illustrate the two methods l)y a reference to the 
telescope, it may be observed, that the discjomfort of viewing 
spots on the smi not miaptly corresponds with the view of mi- 
croscopic objects on an illuminated field ; while the removal 
of all inconvenient and ineffective light from the field of the 
microscope corresponds with the cIimu and quiet view of stars 
on the dark blue vault of the firmament. 

The most practicable mode of obtaining the illumination 
now described is to fix the object on the stage oftlie micros- 
cope, in the usual way, the axis of which must be inclined to 
the table, at about an angle of 45'^ , and then \o place the 
candle about two inches below the stage, and about oiie br two 
inches to the light or left of it ; but this lateral distance must 
be varied, according to the nature of the object and the angle of 
aperture of the instrument.* It must be carefiilly borne in mind 
that the illumination will not be correct unless the field of view 
be wholly darkened. 

To obtain this kind of illumination with facility and effect, 
it will be necessary to make some alterations in the constnic- 
tion of the instrument : as, for instance, in order to apply con- 
densed light, the arm of the condenser must be placed in a ball- 
and-socket joint, or some similar contrivance must be adopted ; 
for when it is perpendicular to the axis of the microscope, its 
introduction diverts the course of the rays from the candle to 
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the stage, and not* unfrequently illuminates the field of view. 
The mirror also cannot be made available in its present posi- 
tion, for this kind of illumination, because light, when reflected 
from it, must of necessity illuminate the field. It must there- 
fore be fixed on an extended and jointed arm ; and when so con- 
structed, microscopic objects may be viewed even in the day- 
time by oblique refracted light. Again, a very remarkable 
microscopic effect will be jjroduced by giving a small vertical 
angular motion either to the body of the instrument or to the 
stage, as in Goring’s Engiscope. *By this means, the plane 
of tile object which, owing to the present construction, is of 
necessity parallel to the diameter of the object-glass, may be 
inclined to it at different angles ; and we shall thus obtain ob- 
lique vision as well as oblique illumination. These two con- 
ditions are absolutely necessary for olitaining, in many in- 
stances, the tnic effect of coloured objects uven with the naked 
eye, and thij introduction of magnifying j)owers between the 
object and the eye does not render these two conditions a w^hit 
the less nec<^ssju*y. 

The effect of this new method of illumination may be tried 
with advantage on various subjects of the larger kind, as cut- 
tings of wood, scales of fish, and wings of insects.* Wc may 
also apply it, with i)eculiar interest, to the investigation of the 
elementary organs of ])lants ; animal tissues ; mosses ; coral- 
lines ; crystals ; and the scah's of insects of the orders Lepi- 
doptera and Thysanura. In each of all these some striking 
and hitherto unperceived character Avill be developed, and the 
observer will rise from his jmrsuit w ith a more thorough per- 
suasion that the Being whose word is power, and by whom his 
own body “ is fearfully and wonderfiilly nuffle,” has equally 
exhibited the matchless efforts of His skill in the exejuisite 
polish of an insect’s joints ; in the opening of^ leaf; and the 
pencillinj^of jf flower. — ^To be a theoretical atheist is im- 
possible. 

Peckbam, Nov. 1836. • 


* Among the various objects which shew the superiority of this kind of 
illumination over transmitted light, the spiral vessels of the hyacinth and the 
pollen of the convolvolus major are the most decided. — A. P. 
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LXIII. The reaaon why a small pair of plates introduced 
into a circle of large pairs reduces the action of the whole 
battery to the same standard if it were composed of all 
smallpairs. By W. H. Halse, Esq. In a Letter to the Editor. 

Mr. Editor, — ^In the last number of The Anjials” I 
promised to explain my theory of tlie action of a small pair 
of plates when introduced into a circle of larger ones ; as I 
considered that the theory commonly given as an explanation 
of it, was not foimded on fact, %iz., “ that the positive elec- 
tricity produced on the large plates more than that produced 
by the small plates, is instantly neutralized by an equal quan- 
tity of negative electricity, and that this extra quantity is 
continually being produced and as often neutralized.” — Now 
it must be cv^ideiit that this cannot be correct, for if it were 
so, double as nui/^li zinc must be dissolved from a four inch 
plate as there would be from a two inch plate, and twice the 
quantity of hydrogen gas evolved by the large copper. Expe- 
riment will prove that this is not the case, for in a compound 
circle consisting of twenty pairs of plates varying from one 
inch to eight inches in size, it will be ftTund that the quantity 
of gas liberated from the coppers of the eight inch pairs will 
be no more than that evolved from the one inch pairs and the 
zinc dissolved is also equal. Although this theory is received 
by many persons as correct — ^and even by some lecturers on 
galvanism, for I have heard them give this explanation of 
it, — am convinced that M. l)c la Rive did not mean it in this 
light, for he must imdoubtedly have considered the extra pro- 
ductions and the extra re-compositions of the two electricities 
as due to chemical action on the plates beyond what was neces- 
sary for the developemeut of the electric current circulating 
through muuiufil pairs ; the objection which 1 have advanced 
therefore can have no effect against his theory as He intended it to 
be understood, but only against that as received and acNocated 
by those wlvj are ignorant of his meaning. I, however, now 
give an explanation of its action according to my view of the 
subject and which I think will explain every efiect. 

The particles which compose the fluid contents of the bat- 
tery contain both positive and negative electricity ; the zinc 
contains both also ; but the positive of the zinc and the nega- 
tive of the fluid have an appetency to unite, and the particles 
of oxygen and zinc unite in consequence of it; therefore the 
negative electricity which was combined with the positive in 
the particle of zinc, remains on the mass of zinc and the 
positive which was combined with the negative in the particle 
of oxygen remains in the jluid, thus the zinc plate contains an 
excess of negative and the liquid an excess of positive elec* 
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iricily. The negative, therefarej proceeds from the zinc and 
thepositivh from the fluids both travelling in different direc- 
tions, viz., — ^the positive from the fluid in contact with the zinc 
towards the copper in the same cell and the negative from the 
mass of zinc along the connecting wire to the copper in con- 
tact with it. Ha\ing thus laid the foundation of my tlieor}% 
1 will suppose a battery working, in which a pair of plates 
half the size of the others is introduced into the circle ; say 
three pairs of simple circles united, and this small pair shall be 
the second pair. At the commencement of its action each 
pair of plates produces electricity according to its size, but 
only at the moment of unitiny the two poles. The negative 
on the small zinc is conveyed by the connecting wire to the 
copper of die iirst pair, which at the same time attracts from 
the liquid in which it is immersed (viz. the first cell) an exact 
quantity of positive to neutralize itsell*, bjit as the liquid con- 
tains twice as much 2 )ositive as is sufficient for the neutral- 
ization of the negative, the liquid of the first pair therefore 
remains positive. The negative el(3ctricity accumulated on 
the zinc of the third pair being twice as much as the positive 
contained in die liquid in whicli the small copper is immersed 
(second coll) and which cojqier is connected with this zinc, 
only one half of it esca])es from the zinc by the connecting 
wire to this copjicu*, and consequently die mass of zinc in this 
third cell remains negative, on account of there not being a 
sufficient quantity of positive to mmtralize jt. 

Now' as the zincjilates ai'e positive with respect to the fluids 
in which they are immersed (that is that their positive electricity 
has an ajipetency to unite with the negative of the fluid) it 
shews ihal the action of the acid on the Ji^st and third pairs 
must be ditninished. becaiLse, in number one, the fluid is 
positive by die accumulation of that kind as ^efore stated, and 
as the zinc Is naturally ])ositiv(‘, and as two jiositives will not 
unite^supposing they were ecjual) it is evident that the chemical 
action on the zinc plate of number onc'. must ly? diminished ; 
the same in number three — ^the fluid is naturally negative, and 
the zinc naturally positive, (with resjiect to each other) but as 
there is an accumulation of negative electricity on die ziiic of 
this pair as before stated, it jirevents its associating with die 
negative oxygen of die fluid, so that the action is also 
diminislied on tliis jiair, but in the cell of the small pair die 
action goes on uninterrujitedly, because there is no accumula- 
tion of either electricity die zinc or in the fluid, therefore 
it vrill be perceived that the accumulation of the positive in 
the liquid of the first pair and of negative on the zinc of die 
third pair act a similar part, as a reguiator does to a 
STEAM ENGINE, and in consequence of wliich there is no more 
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electricity produced from the large pairs (die comiuenc^emeiit 
of die action excepted) than from the small pair ; the greater 
the quantity of positive accumulated in the fluids and the 
more negative on the zincs, the less the amount of chemical 
action in these cells — It thus necessarily follows, that if this 
be correct, the prevailing opinion that the excess of either 
sort of electricity is immediately neutralized by its opposite 
must be incorrect, because no excess of either can be generated 
save in the first instanceybut which is not neutralized but 
acts the purpose of regulating the action of the acid on the 
zinc — ^for example — supposing the large jdates are ten inches 
square, and the small pair only one-fourth the size, and sup- 
posing that the large pair is capable of ])roducing four times 
the quantity of electricity that the small pair will, then the 
action of the acid on one inch of the small pair will be as 
much as its action^ on fom* inches of the large pair or four 
times as much on an equal surface, that is, ihal the same 
quantity of atoms both if oxygen and zinc will unite in the 
cell with the small pair^ as will unite in the cell with the 
large pair — the degree of action being regulated by this 
small pair, which has the effect for the above reasons of re- 
ducing the action of the battery to the same standard, as if it 
were composed of an equal number of these small plates, 
proving how necessary it is when we want large quantities of 
electricity and of a high tension, to be i)articular not to 
introduce a fault/ pair into the circle. According to this 
theory, if there are five or ten pairs of plates increasing in 
size from one to ten inches, and the cells supi)licd with dilute 
acid sp. gr. 1068 Xthe zincs being all amalgamated) the hydro- 
gen gas evolved from the ten inch coppers ought to be no 
more than that evolved by the one inch coppers in an equal 
time, and the quantity of zinc dissolved in ca,ch cell ought 
also to be equ^. Experiment will prove that sitt\u the 
case. 1 am well convinced that the above will be very diffi- 
cult to be miuerstood by the general reader, I therefore suggest 
the necessity of his placing before him a drawing of three 
simple circles united with each other, the centre one being 
half the size of the others, and I have no doubt that with a 
little attention — ^particularly to die first part of tliis letter, — 
that my theory will be fully comprehended, and that he 
will coincide with me in believing it to be the most plausible 
one of any that has as yet been advanced ; still as it clashes 
with existing opinions — ^perhaps prejudices — of course I must 
expect the general attendants inseparable from innovators^ 
viz. abuse and ridicule ; but no matter, ^^ felix qui potint 
rerum cognoscere causa^,^^ 
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Bg Mr. W. H. Raise, 

In my last letter I also stated that I had discovered a plan 
to increase* the intensity of the shocks ; I therefore now pre- 
sent you with the method : — 

A method to increase the intensity of the Shock Apparatus. 

In order to introduce the process more readily you will be 
pleased to place before you either a shock apparatus having two 
coils or else the sketch|of one, (fig. 6. pi IX.) and let the two 
screws connected with the tenninations of tlie i)riinary coil be 
marked No. 1 P. and No 2 P. and let the two tenninations of 
the secondary coil be marked No. 1 S. and No. 2 S., thus we 
shall have one side of the apparatus marked No. 1 P. and No. 

1 S., and the other side, No. 2 P. and No. 2 S. I am 
thus particular in my explanations that I may be better under- 
stood by all your readers. Now let a wire pass from the screw 
No. 1 S. to No. 2 P. that they may be connected with each 
other. Next let a wire pass through the screw No. 1 P suffi- 
ciently long to be in contact \iith one pole of the battery and 
also in contact with one of the handles ; the otlier handle is to 
commimicate with No. 2 S, whilst contact >nth the battery is 
broken by means of a wire connected with No. 2 P. Thus will 
the shock be con iderably increased and about one half the wire 
now used for the secondary coil may be saved. 

It will at first sight appear to the operator that the primary 
and secondarj'^ coils^are connected with each other so as to form 
one continuous coil, and that the increase of the shock is 
gained on that account ; but wdth a little consideration it \rill 
be evident that this is not the case ; it is true that one end of 
the primary coil is connected with one end of the secondary 
coil, but in order that it should be the effect* of one continu- 
ous coil, contact with the batter)' must be broken by means 
of a wire connected with No. 2 S instead of No. 2 P, and if 
this be done, k will be found that the shock is very trifling ; 
therefore *it is clear that the increase of the shock is owing 
to some other cause which I think may be •xplained as 
follows : — 

It is vrell known that a powerful shock can be obtained by 
the use of a primary v.ire alone ; but, that die shock is very 
considerably increased by coiling round it a secondiiry wire ; 
in that case however, this latter we does nut communicate 
either \vdth the batterj', or with the primary coil, the current 
giving the shock being what is tenned “ the induced cun'ent,” 
and which depends on the primary wire for its production,— 
the shock being regulated by the power of the primary coil, 
and also by the length of wire forming the secondary coil, but the 
shockfelt certainly all proceeds from this lattei coil, and the 
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shock which the primary coil was capable of giving, as cer- 
taiilly lost. !Nipw it occurred to me that some means may be 
adopted to unite this latter shock with the secondary one, so 
that both may be brought into operation, and be made to pass 
through the body at the same time, and this is evidently 
effected by the before-mentioned means, for the induced cur- 
rent is obtained in an indirect manner, viz. : instead of the 
two extremities of this wire being in direct contact witli the 
body as is the common method, only one end is in contact, 
whilst the other has to pass through the battery itself, and then 
comes to the body by means of the handle connected with 
the primary wire screw. No. 1,P; it is in this manner that the 
secondary cun'cnt is obtained. The primary ciiiTcnt is 
obtained by its passing Irom the battery through the screw 
No. 2, P, across to the screw No. 1, S, then circulating through 
the whole length orthe secondary coil, and coming into contact 
with the body by the handle fastened to the screw No. 2, vS, 
the otlicr handle communicating with No. 1, P, and also with 
the batter)^ ; it will be thus jjerceived that the increafied effect 
is owing io the union of the prhnarg current with the 
secondary current^ and both being made to pass through the 
body at once. With a sketch of a sliock apj)aratus placed 
before you, I have no doubt my observations will be readily 
understood, for after the screws are marked and lines di*awii to 
represent the wires, th(^ whole will appear very plain. 1 have 
just constructed a small apparatus on this priiicii)le, having 
only four hundred feet of secondary wire, wiiich is so power- 
ful, that no one would be inclined to take the shock a second 
time, even with tu&inglepair of half ])int cylinders. 

1 remain.^ Mr. Editor^ 

Your obedient Sen^ant^ 

• W. II. HALSE. 

Brent, near Ashburton. 

% 

LXIV. — An Analysis of Mr, Harris's Investigation of 
Mr. Sturgeon's fourth Memoir. 

Pear Sir, — In my letter of2nd December last, published in 
No.22 of these j4nnab^,(see page 332, )1 promised to tmalyze your 
excellent investigation of my fourth Memoir ; and now that I 
am about to enter on that important ttisk, 1 must request your 
veiy patient attention, because, although I may have but little 
to do in this j^formance, 1 am^ dfesirous of doing that little 
w'ell. Hence I sliall not be enabled to gallop over your excel- 
lent investigation as fast as you have done over my memoir, nor 
shall I find time to follow your example in those elegant exultii- 
tions in wliich you have so frequently enjoyed yourself. My 
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business, on this occasion, will be merely tliat of separating and 
classifying, the various materials of which yoxxs^invesUgatiovt, 
is composed, and examining how lar they are concerned in the 
great question at issue. 

You commence your “investigation” in about the usual way 
of intrQjduction ; and if you had not perverted the meaning of 
my motives for submitting my fourth memoir to the “consider- 
ation of all the learned scientific bodies in Europe and Ame- 
rica,” and committed some other inaccuracies, which I will 
presently point out, yoiur first paragraph might have been all 
very well. Now, instead of my saying that my memoir merited 
the consideration of those learned bodies, I have said, pretty 
clearly, that it “ is the subject of marine lightning conductors 
which requires such general attention and rigorous investiga- 
tion” and h^id 1 denominated those scientific bodies to which 
I have submitUid the consideration of my nremoirs, learned, as 
you ha\ e done, I should have been guilty of an unpardonable 
insult to all other scientific bodies ; because the adjective sci^ 
enlijic iinpli(^s learned; and 1 have a right to consider 
that all scientific bodies are learned bodies. Now 1 will not 
say that your pen (?rsion of ray statement was intentmial, I 
shall therefore ])lace these two items under the head Mistake. 

There arc also other mistakes in your first- compound para- 
grai)h ; for 1 have nowhere said “ that a metallic rod whilst 
transmitting a charge, is productive of lateral 

explosions nor have 1 anywhere said that “this effect, in the 
case of a lightning rod, is a very fearful circumstance ” You 
must necessarily have observed, that the “ fearful circumstances” 
which you mention are jxmited out as a]>])lii]|ible to your own 
lighiiiing rod f»nly ; for it was that alone which 1 was investi- 
gating. Hence I find that your first paragraj)!! is a compound 
of four ]>ure mistakes. • 

Your ^d jiaragraph is of no import, only as a connecting 
link between the first and third. 

l^aragraph 3 contains one Mistake : for I Imve nowhere 
“ spoken in a sligliting way ” of you ; but, on the contraiy^, 1 
have always spoken of you in the most handsome manner. 
Read my memoir over again, and pay particular attention to 
})aTagraphs 215, 216, 217, and also my letter to you, dated 
September 12th, 1839, page 191 of this volume. 

Hence you will find that, as a gentleman, I have paid every res- 
pect to you ; but as to your experiments performed before the 
Navy Board, &c. you must necessarily pem^ that extent of 
criticism which is allowable bn j)erfonnances of so singular a 
character ; and I- must repeat that on this pointi have done no 


See last paragraph of my letter to you, p. 192 of this volume. 
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more than to place those experiments in a proper li^ht, in order 
that they may not have that deceptive influence on the readers 
of the ^‘Annals^>f Electricity” as they probably had on die Navy 
Board, from a want of that explanation which, in my opinion, 
you ought officially to have given them. 

Paragraph 4, is plain enough, and is a good epitome of 
some of Mr. Stephen Grey’s discoveries ; and will, no doubt, 
be very useful to those readers who were not previously aware 
of copper being a conductor of electricity : and that gla^s is 
an insulator. Further than this I cannot perceive any utility 
of paragraph 4 : and certainly it contains nothing applicable 
to my experiments. I think it may properly be placed under 
the head Neutral. 

Paragraph 5, is of a somewhat curiously complicated cha- 
racter. It is a compound of mistakes^ exultation^ and a desire 
to lead your readers astray. In this paragraph you are 
attempting to confound some of my experiments with those 
which you have described in paragraph 6, and as they have 
‘‘really nothing ” to do with each other, you are leading your 
readers from one of the items of the main subject ; and as 1 
have never made any “ claims to have ” my memoir “ consi- 
dered by all the learned societies of Europe and America,” 
you have, whilst exulting, tumbled into a, what ? Mistake. 

In paragraph 6, your statements are occasionally inconsis- 
tent with themselves, and even contradictory of each other. 
In one part you say, “as the charge accumulates on the inner 
surface, a corresponding quantity of electricity is forced oflF 
from the outer, and without this double effect takes place, we 
fail to accumulate a charge.” And to rivet this statement 
firmly as a fact into our noddles ; and “ to render it evident” 
to our senses, you describe an illustrative experiment under 
the head (c). Now we have hardly had time to see this 
illustrative experiment, before you tell us it is ali a (jpeeption ; 
and that if we will read on through the long sentence \ f) wo 
shall find another illustrative experiment “ which is sufficient to 
shows thajt the accumulated electricity is never exactly balan- 
ced between the opposite coatings, &c.,” so that one of 
these statements is an obvious contradiction of the other. 
You seem to have some vague idea respecting the condition 
of a charged jar : but you do not appear to be aware that the 
electric forces on the opposite sides of a charged jar may 
either be equal or unequal according to circumstances. 
I mention this fact with no other -view than that of bringing 
it. to your nonce as a probable interesting novelty. The 
remainder of article 6 is an acknowledgment that a lateral 
spark does take place, with an attempt to give the phenomena 
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a different expldnation to that given in my memoir: an 
explanation by no means new to the partial experiments 
which you have described, but perfectly inapplicable to my 
experiments, described in paragraph 202, of my fourth me- 
moir, page 17() of this volume. 

Paragraghs 7 and 8, arc curious specimens of your mode of 
reasoning on philosophical subjects, and nothing more. 

Paragraph 9 is simply an extract from my fourt|j memoir. 

1 will not take upon myself to say that, in paragraph 10, you 
have ‘^Jaboured hard to invalidate* my experiments,” but you 
must permit me to point out an error or two into which you 
have fallen in your version of them. 

I have not said that '‘a sjiark is folt«at every discharge,” but 
that ‘‘a pungent spark felt” if “the knuckle were 

to be presented to the conducting rod, Now, in conse- 

(pience of this little mistake, (1 hope it. was not an inten- 
tional perversion) you have been led into a very serious error, 
by supposing that my experiments (I suppose you mean 
results) “could only be produced by continuing to work the 
machine in connexion with the jar,” during the time that the 
discharges were made. If, instead of taking upon yourself 
to make such an assertion, you had condescended to repeat 
ray experiments, you would soon have been convinced that 
there is no need of keeping the machine in motion, nor any 
necessity for keeping the jar in connexion with the wire con- 
ductor, in order to produce the lateral discharge which I have 
described. 

Paragraph 11, is descriptive of experiments which have no 
bearing whatever on my memoir. 'J'he best epitome of them 
that 1 have seen is given by Cavallo, in the following note ; 
“ If a charged jar be insulated, and discharged with an insu- 
lating discharging rod, after the discharge J)oth the sides of 
the jar, J:ogether with the discliarging rod, will be found pos- 
sesseQ of the electricity contrary to the electricity of that 
side of the jar which was touched last before 4he discharge : 
which shows that one side of a charged electric may contain 
a greater quantity of electricity than that, which is sufficient 
to balance the contrary electricity of the opposite side. I'his 
redundant electricity should be carefully considered in per- 
forming experiments of a delicate nature. 

As, however, you may possibly wish me to notice a few 
items in paragraph 11, 1 will do so, and begin with the item 
(p)i in which you, witli a very proper motive, introduce 
your unit jar. Take a friend’s advice on this instrument. 


See page 175 of this volume. 
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and never again depend on its indications as a rymsurer of 
quantities of the electric fluid, for it happens to be no mea- 
surer of either quantity or intensity. Let me endeavour to 
show you why. With a constant surface of the same coated 
glass, the intensity of the charge is as the quantity deposited^ 
when the resistance is constant; but under no other circum- 
stance. Now the resistance which a jar offers to the 
introduction of new or succeeding quantities, whilst charging, 
becomes gradually greater (ind greater as the charge advances, 
and consequently requires, from the unit jar, a continually 
increasing charge for every successive spark transmitted 
during the whole process of charging. Hence, you see, that 
your supposed units are continually varying : and your jar no 
measurer of electric action. You might have known this fact 
by placing the knob of a jar at a short distance from the 
prime conductor, where you would have seen that the sparks 
became less and less frequent as the charge advanced. 

Items ( r) and (s ) arc additional specimens of your mode 
of reasoning; and item (i) not amiss. The two latter 
evince a growing propensity to percussion pow der, but by no 
means any more applicable in this investigation than in your 
illustration of the effects of lightning on a ship’s mast, by the 
wood-splitting apparatus. Your readers can have no doubt of 
your being eminently successful in the \vood-splitting business 
after reading item (s): ‘^w^hercas in passing the slightest 
spark, it (the percussion powder) inflames dire(*tly;” and 
they must necessarily acknowledge, that nothing less than the 
most penetrating mind could ever have assimilated the effects 
of the slightest spark,” w ith those of a flash of lightning, 
on a ship’s mast. 

Paragraph 12, is simply an epitome of your view^sof your 
described experiments. ^ 

Now comes paragraph 13 with all its singular misrepresen- 
tations, misinterpretations, &c., but I will notice one item only, 
because it is tile cleverest of the whole, and because by means 
of that item I shall be enabled to show you how easily you may 
be led into a mistake. I will premise, by acknowledging that 
Earl Stanhope was perfectly correct by supposing that a highly 
charged electric cloud would displace a portion of the earth’s 
electric fluid ; and that a positively charged cloud might thus 
cause a track ofeountry beneath it, to become negatively elec- 
tric ; and so long as only this phenomenon occurred, your inter- 
pretation would be perfectly coiTCcUirso ; and there would bo no 
need of any lightning conductor, because no lightning could pos- 
sibly happen. But you know that lightning does occasionally 
happen: and you ought also to have known, that if a flash of 
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lightning from thft supposed cloud Fig. G, Plate VII, were to 
strike the supposed conductor cc, that neither that con- 
ductor nor the objefet beside it, would any longer be in the 
same electric condition that tlicy were in prior to the diseWge. 
The electric fluid constituting the flash would no longer be in 
the clqud, but would now be in the conductor cc, which 
would become highly electro^positive during the transit of 
fluid through the metal ; and would thus cause electro-dis-^ 
placements, and consequent electric flashes amongst all those 
vicinal conducting bodies which weVe sufficiently near to each 
other to be within their respective spheres of action. Hence 
you see tliat your reasoning only applies to the state of the 
clouds and objects beneath them prior to the flash of light- 
ning : and at a time when no conductor is needed ; but my 
reasoning applies to the electric condition of a conductor 
whilst in the absolute capacity of transmitting the lightning. 
I hope you now perceive the distinction ; as to the importance 
of our respective views I must leave you and others to judge. 

In your 14th paragraph you obviously rely a great deal 
more upon the opinion of other persons than upon any 
knowledge of your own. I, on the contrary, do no such 
things I shall alw^ays venerate Priestly as a philosopher, but 
I must speak on points of doctrine according to my own ex- 
jjcrienee ; and although that eminent electrician did not ob- 
serve the electrical etFccts of lateral explosions on vicinal 
bodies, I, and others, have observed them. And if you did 
not know of this fact before, 1 should advise you to read 
4'arefully my fifth memoir, wdiich w^ill very soon appear in 
these annals ; and afterw ards try to repeat some of the expe- 
riments w hich you will there find described*: and in the mean 
time you may road the Library of Useful Knowledge : and if 
the facts stated there should happen to be unfortunate for 
your whole doctrine," I hope that you will not blame me for it. 

[Paragraph 15 declares that you have no knowledge what- 
ever of the ‘‘radiation of electric matter from conductors car- 
rying the primitive discharge." Here again I must crave 
your indulgence not to blame me for your not being acquainted 
with this fact. I sincerely wish you had a better practical 
acquaintance with electrical phenomena than that which your 
investigation indicates, as it would have saved much trouble 
in bringing many common place facts to your notice. Item 
(y) is akin to item (/?) ; and the air electro-^thermometer on a 
par with the unit jar. Let me give you another piece of 
wholesome advice. Never jtgain trust to an clectro^measuring 
apparatus^ until you have first become well acquainted with 
its capabilities and the principles of its action. 
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Paraftraph 16 is a neutral: and par^apb 18. is ® 

short eS£t: and paragraph 19 may be dismissed under the 

• * PwSph 19, though mostly quotations, is a ve^ important 
naraeraph, because it is made the basis_ of all the unelectri 
LttSoVall the succeeding paragraphs “ f”; 

and I am very glad that 1 am so near the end of it, f 
I am heartily tired of wading through such a 
material as vour investigation as composed ot. Mow, 
Sir, this unfortunately mischievous 
you a great deal of unnecessary troubl^ 

Lceedingly sorry. Had I said immensely instead of infinitely, 
Ts^Xre hlen mtre correct, and you would have had 

do not find any thing further in your in^tpation 
ing some trifling unelectro-invective, which 1 have nerther 
time nor inclinafion to notice. I sincerely wish you had been 
more serious and more scientific “ y®"’' *”“**‘5'“**"^ J 
would then have been a pleasure to reason with you, and point 
out many other facts which bear upon the great question at 

issue. 

I am, dear Sir, 

Yours very truly, 

WILLIAM STURGEON. 


To W. Snow Harris, Esq. 
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§. 18. On Induction. If i. Induction an action of con- 

tiguous particles. 5f ii. Absolute charge of matter. 
1( iii. Electrometer and inductive apparatus employed. 
^ iv. Induction In curved lines. ^ v. Specific inductive 
capacity. If vi. General results as to induction. 

^ i. Induction an action of contiguous particles. 

1 161. The science of electricity is in that state in which 
every pprt of it requires experimental investigation ; not merely 
for the discovery of new effects, but, what is just now of far 
more importance, the development of the maans by which 
the old effects are produced, and the consequent more accurate 
dctcTinination of the first principles of’action of the most extra- 
ordinary and universal power in nature: — and to those philoso- 
phers who pursue the iiupiiry zealously yet cautiously, combin- 
ing experiments with analogy, suspicious of their preconceived 
notions, paying more respect to a fact I luma theory, not too hasty 
to generalize, and above all things, willing at every step to cross- 
examine their own opinions, both by reasoning and experiment, 
no branch of knowledge can afford so fine and ready a field for 
discovery as this. Such is most abundantly shown to be the 
case by the progress which electricity has made in lht‘ last 


* From the Transactions of the Royal Society. 
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thirty years; Chemistry and Magnetism have successively 
acknowledged its overruling influence; and it is ])ro!,abIe that 
every efiect depending upon the powers of inorganic matte/, 
and perhaps most ot those related to vegetable and animal 
life, will ultimately be found subordinate to it. 

1162. Amongst the actic is of ditferent kinds into which 
electricity has coiiventionahy been subdivided, there is, 1 
think, none which excels or even equals in im])ortance that 
called Induction, It is of the most general influence in elec- 
trical phaenomcna appearing to be concerned in every one of 
them, and has in reality the character of a fir&t, eas/nliah and 
fundamental principle. Its comprehension is so important, 
that I think we cannot proceed much further in the investiga- 
tion of the lawshf electricity without a more thorough under- 
standing of its nature ; how otherwise can we hope to com- 
prehend the harmony and even unity of action which doubt- 
less governs electrical excitement by friction, by chemical 
means, by heat, by magnetic influence, by evaporation, aiul 
even by the living being ? 

1 163. In the long-continued course of ex peri menial inqiiry 

in which I have been engaged, this geruiral result has pressed 
upon me constantly, namely, the necessity of admiiting two 
forces, or two forms or directions of a force (.5 1 517.), com- 

bined with the impossibility of separating these two forces for 
electricities) from each other, either in the phaLmomena of sta- 
tical electricity or those of the current. In associrition wilh 
this, the impossibility under any circumstances, as yet, of abso- 
lutely charging matter of any kind with one or the other elec'.ri- 
city dwelt on my mind, and made me wish and search for a 
clearer view than any that 1 was acqjuinied with, of the way in 
which electrical pow ers and the part’cles of maller*are »dated; 
especially in inductive actions upon which almost all otlicrs 
appeared to rest. 

1164. When I discovered the general fact that elcctrolyt es 
refused to yield their elements to a current when in the solid 
state though they gave them forth freely if in the liquid con- 
dition (380. 394. 402.), 1 thought I saw an opening to the elu- 
cidation of inductive action and the possible subjugalion of 
many dissimilar phacnomena to one law. For let the electro- 
lyte be water, a plate of ice being coated with platina foil on its 
two surfaces, and these coatings connected with any continued 
source of the two electrical powers/the ice will charge like a 
Leyden arrangement, presenting a case of common induction, 
but nocurrent will pass. If the ice be liquefied, the induction will 
fall to a certain degree, because a current can now pass; l)ut its 
passing is dependent upon a peculiar molecular arrangement 
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of the particles consistent with transfer of the elements of the 
tike electrolyte in opposite directions, the degree of discharge and 
lliVMpiantily of elements evolved being exactly proportioned to 
cael?%)thcr (377. 7^3.). Whether the charging of the metallic 
coating be effect ( d by a powerful electrical machine, a strong 
and large voltaic battery, or a sii^le pair of plates, makes no 
(lilference in the principle, but dfily in the degree of action 
(3()0.J. (.'onniion induction takes place in each case if the 
electrolyte be solid, or if fluid chemical action and decomposi- 
tion ensue, provided opposing actions do not interfere; and it 
is of high importance occasionally thus to compare effects in 
their extreme degrees, for the purpose of enabling us to 
comprehend the nature of an action in its w^cak stale, which 
may be only sufllciently evident to us in irts stronger condition. 
As, thend’ore, in the electrolyte, induct inn appeared to be 
they/7W/ step, and decomposition the second, (the power of 
sej)araling these steps from each other by giving the solid or 
fluid condition being in our hamU); as the induction was the 
same in its nature as that through air, glass, wax, &c. pro- 
duc(‘d by any of the ordinary means; and as the whole etfeet 
in the elccliolyte appeared to be an action of the particles 
thrown into a peculiar or polariml state, I was led to suspect 
that common induction itself was in all cases an action of 
contiguous particles, and that (dectrical action at a distance 
(i. e. ordinary induct ive acdlon) never occurred except through 
the intermediate influence of the intervening matter. 

IHk). The respect which I entertain tov^rds the names of 
I^pinus, Cavendish, Poisstm, and other most eminent men, all 
of whose theories 1 believe consider induction as an action at 
a distance and in straight lines, long indisposed me to the 
view I hi^ve jtist stated ;and though I always watched for op- 
portutfitics to prove the opposite opinion, and made such ex- 
periments occasionally as seemed to hear directly^on the point, 
as, for instance, the examination of olcctroljtes, solid and 
fluid, whilst under iuductioii by polari/.cd light (t).)! ,9.>5.), it is 
only of late, aiid by dcgre»‘s, that the extreme generality of the 
subject has uiged me stdl further to extend my experiments 
and publish my view. At present I believe ordinary induc- 
tion in all cases to be an action of coiiliguous particles, con- 
sisting in a sjkocies of polarily, inslead of being an action of 
either particles or ma^ses•at sensible distances: and if this be 
true, the distinction and osfviblishinent of such a truth must 
be of the greatest consequence to our further progress in the 
investigation of the nature of eloi tric forces. I he linked con- 
dition of electrical induction with chemical dccom])osi(ion ; 
of voltaic excilomcnt with choinicul action; the tiajjsfcr oj 



4 Dr. Faraday’s experimental reMnrches ht dcctucity, 

elements in an electrolyte; the original cause of excitement 
in all cases; the nature and relation of conduction and insu- 
lation ; of the direct and lateral or transverse action con'^^ti- 
tuting eleclricily and magnetism; with many other ttiings 
more or less incomprehensible at present, would all be affected 
by it, and perhaps receive full explication in their reduction 
under one general law. 

1166. I searched for an unexceptionable test of my view 
not merely in the accordance of known facts with it, but in 
the consequences which w^ould flow from it if true ; especially 
in those which would not be consistent with the tlicoiy of ac- 
tion at a distance. Such a consequence seemed to me to pre- 
sent itself in the direction in which inductive action could be 
exerted. If in straight lines only, though not perhaps decisive, 
it would be against my view; if in curved lines also, that would 
be a natural result of the action of contiguous i^articles, but 1 
think utterly incompatible with action at a distance, as assumed 
by the received theories, which according to every fact and 
analogy we are acquainted with, is always in straight lines. 

1107. Again, if induction be an action of contiguous par- 
ticles, and also the first step in lln* process of eleclroly/a ion 
(1164, 949,), there seemed reason to expect some particular 
relation of it to the different kinds of matter tin ough which it 
would be exerted, or something equivalent to a specific elec- 
tric induction for different bodies, whii h, if it exi.sted, would 
unequivocally prove the dependance of induction on the par- 
ticle.s; and though this, in the theory of J\)isson and others, 
has never been supposed to he the case, I was soon led to 
doubt the received opinion, and have taken gn‘at pains in sub- 
jecting this matter to close experiment ul examination. 

1 1 6S. Anol her ever* present quest ion on ni} mimkhas been 
whether electricity has an actual and independent (existence 
as a fluid or'flu’ds, or was a mere power of matter, like what 
we conceive of the attraction of gravitation. If determined 
either way it would be an enormous advance in our knowledge ; 
and as having the most direct and influential bearing on my 
notions, 1 have always sought for experiments which would in 
any way tend to elucidate that great question. It was in at- 
tempts to prove the existence of electricity separate from mat- 
ter, by giving an independent charge of either positive or ne- 
gative power to some substance, and the utter failure of all 
such attemps, whatever substahee was used or whatever 
means of exciting or evolving electricity were employed, that 
first drove me to look upon induction as an action of the par- 
ticles of matter, each having both forces developed in it in ex- 
actly equal amount. It is this circumstance,* in connexion 
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with others, which makes me desirous of plating the remarks 
on absolute charge first, in the order of proof and argument, 
which 1 am about to adduce in favour of my view, that elec- 
tric ""in duclion is an action of the contiguous particles of the 
insulating medium or di-electric, 

ii. On the absolute qfiarge of matter, 

1109. Can matter, either conducting or non-conducting, 
be charged with one electric force independently of the other 
in the least degree, either in a sensible or latent state t 

1170. The beautiful experiments of Coulomb upon tlie 
equality of action of conductors^ whatever their substance, and 
the residence of all the electricity upon ^ their surfaces,* are 
sufficient, if properly viewed, to prove that conductors cannot 
he bodily charged \ and as yet no means of communicating 
electricity to a conductor so as to relate its particles to one 
electricity, and not at the same time to the other in exactly 
equal amount, has been discovered. 

1171. With regard to electric or non-conductors, the con- 

clusion does not at first seem so clear. They may easily be 
electrified bodily, either by communication (1247.) or excite- 
ment ; but being so charged, every case in succession, when 
examined, came out to be a case of induction, and not of ab- 
solute charge. Thus, glass within conductors could easily 
have parts not in contact with the conductor brought into an 
excited state ; but it was alwa}S found that a portion of the 
iniK^r surface of the conductor w as in an opposite and equiva- 
lent state, or that another part of the glass itself was in an 
equally opposite state, an induct ire charge and not an absolute 
charge haviiy; been acquired. * 

117^.» Well-purified oil of turpentine, which I find to be 
an excellent liejuid insulator for most purposes. Mas put into 
a metallic vessel, and being insulated, was charged, sometimes 
by contact of the metal with the electrical ma«hine, and at 
others by a wire dipping into the fluid within ; but w'hate\er 
the mode of communication, no electricity of one kind was re- 
tained by the arrangement, except what appeared on the ex- 
terior surface of the metal, that portion being there only by 
an inductive action through the air around. \\ hen the oil of 
turpentine was confined in glass vessels, there were at first 
some appearances as if the f^uiddid receive an absolute cliarge 
of electricity from the charging wire, but these were quickly 
reduced to cases’ of common induction jointly tlirough the 
fluid, the glass, and the surrounding air. 


* Memoires de I'Acadeiriie, 1786 , pp. 67 , 69 , 72 ; 1787 . p. 45% 
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1173. I carried these experiments on with air to a very 

^eat extent. 1 had a chamber built, being a cube of twelve 
leet in the side. A slight cubical wooden frame was constructed, 
and copper wire passed along and across it in various direc- 
tions, so as to make the sides a largo net-work, and then all 
was covered in wilh paper placed in close connexion with 
the wires, and supplied in every direction with Kands of tin- 
foil, that the whole might be brought into good metallic com- 
munication, and rendered a free conductor in every part. This 
chamber was insulated in the lecture-room of the Royal In- 
stitution; a glass tube about sije feet in length was passed 
through its side, leaving about four feet within and two feet 
on the outside, and through this a wire passed from the large 
electrical machine (2;K)) to the air within, ily working the 
machine, the air within this chamber could be brought inlo 
what is considered a highly electrified slate (being, in fact, the 
same state as that of the air of a room in which a powtu’iul 
machine is in operation) and at the same time the outside of 
the insulated cube was everywhere strongly charged. Rut 
putting the chamber in communication wdth the perfect dis- 
charging train described in a former series (202.), and work- 
ing the machine so as to bring the air within to its utmost de- 
gree of charge, if I quickly cut off the connexion with the 
machine, and at the same moment or instantly after insulated 
the cube, the air within had not the least power to communi- 
cate a further charge to it. If any portion of the air w^as 
electrified, as glavs or other inj:U.aU>r.s iiiay be charged (1171), 
it was accompanied by a corresponding opposite action within 
the cube, the whole effect being merely a case of induction. 
Every attempt to charge air bodily and independently with 
the least portion of either electricity failed. i 

1174. I put a delicate gold-leaf electrometer within the 

cube, and th6n charged thipvhole by an communication, 

very strongly,, for sometime together; but neither during the 
charge or after the discharge did the electrometer or air within 
show the least sign of electricity. 1 charged and discharged 
the whole arrangement in various ways, but in no case could 
I obtain the least indication of an absolute charge ; or of one 
by induction in which the electricity of one kind had the small- 
est superiority in quantity over the other. I went into the 
cube and lived in it, and using lighted candles, electrometers, 
and all other tests of electrical states, I could not find the least 
influence upon them, or indication of anything particular 
given by them, though all the time the outside of the cube 
was powerfully charged, and large sparks and brushes were 
darting off from every part of its outer surface. The conclu- 
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sion I have come to is, that non-conduclors, as well as con- 
ductors, have never yet had an absolute and independent charge 
cl one electricity communicated to them, and that to all ap- 
peuKince such a state of matter is impossible* 

1 175. There is another view of this question which may be 
taken under the supposition of the existence of an electric 
fluid or fluids. It may be imposfible to have the one fluid or 
state in a free condition w^hout its producing by induction the 
other, andyet possible to have cases in which an insulated por- 
tion of matter in one condition being uncharged, shall, by a 
change of state, evolve one electricity or the other : and though 
such evolved electricity mi^t immediately induce the oppo- 
site state in its neighbourhood, yet the mere evolution of one 
electricity without the other in the firs^ instance ^ would be a 
very important fact in the theory which assumes a fluid or 
fluids ; these theories as I understand them assigning not the 
slightest reason why such an elfect should not occur. 

1 176. But on searching for such cases I cannot find one. 
Evolution by friction, as is well known, gives both powers in 
equal proportion. So does evolution by chemical action, not- 
withstanding the great diversity of liodies which may be em- 
ployed, and the enormous quantity of electricity which can in 
this manner be evolved (3H. 376. 861. 868.). The more 
promising cases of change of state, whether by evaporation, 
fusion, or the reverse processes, St ill give both forms of the 
power in eyval proporti(;n ; and the cases of splitting of mica 
and other crystds, the breaking of sulphur, (!5*c, &:c., arc sub- 
ject to the same limitation. 

1 177. As far as experiment has proceeded, it appears, there- 
fore, impossible either to evolve or make dy^appear one elec- 
tric force without equal and corresponding (rhange in the 
oth^. It is also equally impossible experimentally to charge 
a portion of matter with one el^tric force independently of 
the other, (’harge always implies induction^ fpr it can in no 
instance be effected without ; and also the pnesence of the iv'o 

* forms of power, equally at the moment of development and 
afterwards. There is no absolute charge qf matter with one 
fluid; no latency of a single electricity. This though a nega- 
tively result is an exceedingly important one, being jirobably 
the consequence of a natural impossibility, which will become 
clear to us when we understand the true condition and theory 
of the electric power. • 

1178. Tha pireceding considerations already pioiiit to the 
following conclusions : bodies cannot be charged absolutely, 
but only negatively, and by a pmncipde which is the same with 
that oiindufctioii. All charge is sustained by induction. All 
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phaenomena oi intensity include the principle of induction. All 
excitation is dependent on or directly related to induction. All 
currents involve previous intensity and therefore previous in- 
duction. Induction appears to be the essential function both 
in the first development and the consequent phaenomena of 
electricity. 

If iii. Electrometer and inductive apparatus employed. 

• 

1179. Leaving for a time the further consideration of the 
preceding facts until they can be collated with other results 

^bearing directly on the great question of the nature of induc- 
tion, I will now describe the app^atus I have had occasion 
to use; and in proportion to the importance of the principles 
sought to be established is the necessity of doing this so clearly 
as to leave no doubt of the results behind. 

1 180. Electrometer. The measuring instrument I have em- 
ployed has been the torsion balance electrometer of Coulomb, 
constructed, generally, according to his instructions,* but w ith 
certain variations and additions, which I will briefly describe. 
The lower part was a glass cylinder eight inches in height and 
eight inches in diameter; the tul)e for the torsion thread 
was seventeen inches in length. 1 he torsion thread itself was 
not of metal, but glass, according to the excellent suggestion 
of the late Dr. Ritchie.f It was twenty inches in length, and 
of such tenuity that when the shell lac lever and attached ball. 
See. were connected with it, they made about ten vibrations in 
a minute. It would bear torsion through four revolutions, or 
1440°, and yet when released, return accurately to its po- 
sition; probably it would have borne considerably more than 
this without injury. 4 he repelled ball was of pith, gilt, and 
was 0‘3 of an inch in diameter. The horizontal stem or lever 
supporting it was of shell lac, according to Coulomb’s direc- 
tion, the arm carrying the |||^1 being 2 '4 inches long and the 
other only 1 -2 inches : to this was attached the vane, also de- 
scribed by Coulomb, which I found to answer admirably its 
purpose of quickly destroying vibrations. That the inductive 
action within the electrometer might be uniform in all posi- 
tions of the repelled ball and in all states of the apparatus, 
two bands of tin foil, about an inch wide each, were attached 
to the inner surface of the glass cylinder, going entirely round 
it at a distance of 0*4 of an inch from each other, and at 
such a height that the intermediate clear surface was in the 
same horizontal plane with the lever and ball. • These bands 

* Mcirioires de I’Acadeinic, 1 785, p. 570. 

+ Pliil. Trans., 1830. 
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were connected witheachotherand with the earth, and, being 
perfect conductors, always exerted a uniform influence on the 
electrified balls within, which the glass surface, from its irre- 
gularity of condition at different times, I found,pJ4a not. 
For the purpose of keeping the air within the electrometer in 
a constant state as to dryness, a glass dish, of such size as to 
enter easily within the cylinder, ^ad a layer of fused potash 
placed within it, and this being covered with a disc of fine 
wire gauze torend( r its inductive action uniform at all parts, 
was placed within the instrument at the bottom and left there. 

ITie moveable ball used to take and measure the por- 
tion of electricity under examination, and which may be called^ 
the repelling, or the carrier, ball, was of soft alder wood, well 
and smoothly gilt. It was attached fo 9 , fine shell lac stem, 
and introduced through a hole into the electrometer accord- 
ing to C'culomb’s method : the stem was fixed at its upper end 
in a block or vice, supported on three short feet : and on the 
sur'acc of the glass cover above w’^as a plate of lead with stops 
on it, so that when the carrier ball was adjusted in its right 
position, with the vice above bearing at the same time against 
these stops, it was peifectly easy to bring away the carrier 
ball and restore it to its place again very accurately, without 
an} loss of time. 

1182. It is quite necessary to attend to certain precautions 
respecting these balls. If of pith alone they are bad; for 
when very dry, that substance is so iniperfeot a conductor 
that it neither reci'ivcs nor gives a charge freely, and so, after 
contact with a charged conductor, isliablefto be in an uncer- 
tain condition. Again, it is diflicult to turn pith so smoothly 
as to leave the ball, even when gilt, sufficiently free from irre- 
gularities #f form, as to retain its charge undimiiiishcd for 
a considerable length of time. ^Vhen therefore the balls 
are finally prepared and gilt they should be ^examined, and 
being electrified, unless they calf hold their charge with very 
little diminution for a considerable lime, and ) efhe discharged 
instantly and perfectly by the touch of an uninsulated con- 
ductor, they should be dismissed. 

1 183. It is, perhaps, unnecessary to refer to the graduation 
of the instrument, further than to explain how^ the observations 
were made. On a circle or ring of paper on the outside of 
the glass cylinder, fixed so as to cover the internal lower 
ring of tin foil, were markgl four points corresponding to an- 
gles of 90*; four other points exactly corresponding to these 
points being marked on the upper ring of tin foil wuthin. By 
these and the adjusted screws, on which the whole instrument 
stands, the.glass torsion thread could be brought accurately 
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into the centre of the instrument and of the graduations on 
it. From one of the four points on the exterior of the cylin- 
der a graduation of ^10° was set off, and a corresponding gra- 
duatioi^ was placed upon the upper tin foil on the opjjosite 
side of the cylinder within; and a dot being marked on that 
point of the surface of the repelled ball nearest to the side of 
the electrometer, it was easy^ by observing the line which this 
dot made with the lines of the two graduations just referred 
to, to ascertain accurately the position of the ball. The upper 
end of the glass thread was attached, as in Coulomb’s original 
electrometer, to an index, which had its appropriate graduated 

^ circle, upon which the degree of torsion was ultimately to be 
read off. 

1 1 84. After the levelling of the inst rument and adjustment 
of the glass thread, the blocks which determine the place of 
the carrier hall are to be regulated (1181) so that, when the 
carrier arrangement is placed against them, the centre of the 

^ ball may be in the radius of the instrument corresponding to 
0® on the lower graduation or that on the side of the electro- 
meter, and at the same level and disMInce from the centre as 
the repelled ball on the suspended torsion lever. Then the 
torsion index is to be turned until the ball connected with it 
(the repelled ball) is accurately at 30"', and finally the gra- 
duated arch belonging to the torsion index is to be adjusted so 
as to bring 0^" upon it to the index. I'his state of the instru- 
ment was adopted as that which gave the most direct expres- 
sion of the experimental results, and in the form having few- 
est^ariable errors^ the angular distance of 30'' being always 
retained as the standard distance to which the balls were in 
every case to be brought, and the whole of the torsion being 
read off at once on the graduated circle above. Under these 
circumstances the distance of the balls from each otfieir was 
not merely th^same in degree, but their position in the in- 
strument, and in relation to every part of it, was actually the 
same every time that a measurement was made ;'*so that all 
irregularities arising &om slight difference of form and action 
in the instrument and the bodies around were avoided. The 
only difference which could occur in the position of anything 
within, consisted in the deflexion of the torsion thread from a 
vertical position, more or less, according to the force of re- 
pulsion of the balls ; but this was so slight as to cause no in- 
terfering difference in the symmetry of form within the in- 
strument, and gave no error in the amount of torsion force 
indicated on the graduation above. 

1 185. Although the constant angular distance of 30" be- 
tween the centres of the balls was adopted, and found abun- 
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dantly sensible, for all ordinary purposes, yet the facility of 
rendering the instrument far more sensible, by diminishing 
this distance was at perfect command ; the results at different 
distances being very easily compared with each otjj^ either 
by experiment, or, as they are inversely as the squares of the 
distances, l)y calculation. 

1186. The Coulomb balancj electrometer requires expe- 
rience to be understood ; but 1 think it a very valualde instru- 
ment in the hands of those who will take pains by practice and 
attention to learn the precautions needful in its use. Its insu- 
lating condition varies with circumstances, and should be ex- 
amined before it is employed in experiments. In an ordinary 
and fair condition, when the balls were so electrified as to give 
a repulsive torsion force of 400" at the standard distance of 30" 
it took nearly four hours to sink to 50^ at the same distance ; 
the average loss from 400 to oOtrheing at the rate of 

per minute, from 300^ to 200'' of T* 7 per minute, from 200" 
to 100' of per minute, and from 100" to 50" of 0"‘87 pei> 
ininuie. As a complete measurement by the instrument may 
be made in much less4iaii a minute, the amount of loss in 
that time is but small, and can easily be taken into account. 

1 1 87. The indneiive apparalm , — My object was toexamine 
inductive action carefully when taking place through different 
media, for which purpose it w as necessary to subject these 
media to it in exactly similar circumslaiices, and in such quan- 
tities as should sutlic-e to eliminate any variations they might 
present. 1 he r('quisites of the apparatus to he constructed 
were, therefore, that the inducting surfac^is of the coiidtjctors 
should ha\c a constant form and slate, and be at a constant 
distance from each other ; and that either solids, or fluids, or 
gases migfht be placed and retained between these surfaces 
wilh readiness and certainly, and for any length of time. 

1 188. The apparatus used may be described in general 
terms as consisting of two metallic spheres of unequal diame- 
ter, placeS, the smaller within the larger, and concentric with 
it; the interval between the two being the space through 
which the induction was to take place. A section of it is 
given (fig. 1, IMale I.) a, a, are the two halves of a 
brass sphere, with an air-tight joint at 6, like that of the 
Magdeburg hemispheres, made perfectly flush and smooth 
inside so as to prcsctfit no irregularity; r is a connecting 
piece by which the apparatus is joined to a good stop-cock 
rf, which is itself attached either to the metallic foot c, or to 
an air pump. The aperture within the hemisphere at,/* is very 
small ; g" is a brass collar fitted to the upper hemisphere, 
through which the shell lac support of the inner ball and its 
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stem passes; h is the inner ball, also of brass; it screws on to 
a brass stem iy terminated above by a brass ball 13 ; /, / is a 
mass of shell lac, moulded carefully on to i, and serving both 
to supp« 4 ;t and insulate it and its balls A, B. The shell-lac 
stem I is fitted into the socket g, by a little ordinary resinous 
cement, more fusible than shell lac, applied at m m in such a 
way as to give sufficient strength and render the apparatus 
air-tight there, yet leave as much as possible of the lower 
part of the shell-lac stem untouched, as an insulation between 
the ball h and the surrounding sphere a, a. I'he ball h has 
a small aperture at tz, so that when the apparatus is exhausted 
of one gas and filled with another, the ball h may itself also 
be exhausted and filled, that no variation of the gas in the 
interval o may occur during the course of an experiment. 

1 1 89. The inner ball has a diameter of 2.33 inches, and the 
surrounding sphere an internal diameter of 3.57 inches. Hence 
the width of the intervening space, through which the induction 

« is to take place, is 0.62 of an inch ; and the extent of this place 
or plate, i.e. the surface of a medium sphere, may be taken as 
twenty-seven square inches, a quantity considered as suffi- 
ciently large for the comparison of different substances. 
Great care was taken in finishing well the inducing surfaces 
of the ball h and sphere a, a ; and no varnish or lacquer was 
applied to them, or to any part of the metal of the apparatus. 

1 190. The attachment and adjustment of the shell-lac stem 
was a matter requiring considerable care, especially as, in con- 
sequence of its cracking, it had frequently to be renewed. 
The best lac was bhosen and applied to the wire i, so as to 
be in good contact with it everywhere, and in perfect conti- 
nuity throughout its own mass. It was not thinner than is 
given by proportion in the drawing, for when less infrequently 
cracked within a few hours after its cooling. I think Aat 
very slow cooljng or annealing improved its quality in this 
respect. The collar g was made as thin as could be, that the 
lac might be as large there as possible. In order thlit at every 
re-attachment of the stem to the upper hemisphere the ball h 
might have the same relative position, a gauge p (fig. 2 ) was 
niMe of wood, and this being applied to the ball and hemi- 
sphere whilst the cement at m was still soft, the bearings of 
the ball at q q, and the hemisphere at r r, were forced home, 
and the whole left until cold. Thus 4 II difficulty in the ad- 
justment of the ball in the sphere was avoided. 

1191. I had occasion at first to attach thci stem to the 
socket by other means, as a band of paper or a plugging of 
white silk thread; but these were very inferior to the cement, 
interfering much with the insulating power of the apparatus. 
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1192. The retentive power of this apparatus was, when in 
good condition, better than that of the electrometer (IIS’6), 
i. e. the proportion of loss of power was less. Thus wj^n the 
apparatus was electrified, and also the balls in tbirelectro- 
meter, to such a degree, that after the inner ball had been in 
contact with the top of k of the ball of the apparatus, it 
caused a repulsion indicated by 800° of torsion force, then in 
falling from (>00° to 400° the average loss was 8°.G per minute ; 
from 400° to 300° the average loss was 2°.6 per minute; from 
300° to 200° it was 1°.7 per minute; from 200° to 170* it was 
1° per minute. Tliis was after the apparatus had been charged 
for a short time; at the first instant of charging there is an 
apparent loss of electricity, which can only be comprehended 
hereafter (1-^07. 1250.). 

1 193. When the apparatus loses its insulating power sud- 

denly, it is almost always from a crack near to or within the 
brass socket. These cracks are usually transverse to the 
stem. If they occur at the part attached by common cement 
to the socket, the air cannot eniter, and being then as a vacua, 
they conduct away th*electricity and lower the charge, as 
fast almost as if a piece of metal had been introduced there. 
Occasionally stems in this state, being taken out and cleared 
from the common cement, may, by the careful application of 
the heat of a spirit lamp, be so far softened and melted as to 
renew perfect continuity of the parts; lut if that does not 
succeed in restoring things to a good condition, the remedy 
is a new shell-lac stem. , 

1194. The apparatus when in order could easily be ex- 
hausted of air and filled with any given gas ; but when that 
gas w^as acid or alkaline, it could not prop«*rly be removed by 
the aivpuAp, and }el required to be perfectly cleared away. 
In %\xch cases the apparatus was opened and cleared; and 
with respect to the inner ball h, it was washed out two or 
three timeg with distilled water introduced at the screw hole, 
and then being heated above 212°, air was blown through to 
render the interior perfectly diy. 

1195. I'he inductive apparatus described is evidently a 
Leyden phial, with the advantage, however, of having the di- 
electric or insulating medium changed at pleasure. The balls 
h and B, with the connecting wire ?, constitute the charged 
conductor, upon the surface of which all the electric force is 
resident by virtue of induction (117S). Now though the 
largest portion of this induction is between the ball h and the 
surrounding sphere a a, yet the wire / and the ball B deter- 
mine a part of the induction from their surfaces towards the 
external siftrounding conductors. Still, as all things in that 
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respect remain the same, whilst the medium within at o o may 
be varied, any changes exhibited by the whole apparatus will 
in such cases depend upon the variations made in the interior ; 
and it these changes 1 was in search of, the negation or 
establishment of such difierences being the great object ofiny 
inquiry. I considered that these differences, if they exisicd, 
would be most distinctly set 'forth by having two apparatus of 
the kind described, precisely similar in every respect ; ami 
then, diffeient insulating media being within, to charge one 
and measure it, and after dividing the charge with the other, 
to observe what the ultimate conditions of boih were. If in- 
sulating media really had any specific dilferenccs in favouiing 
or opposing inductive action through them, such diircronces, 
1 conceived, could not fail of being developed by such a pro- 
cess. 

1 190. I will wind up this description of the apparatus, and 
explain the precautions necessary in their use, by describing 
the form and order of the experiments made to prove their 
ccjuality when both contained common air. In order to I’a- 
cilitate reference I will distinguish the*tw'o by the terms App. 
i, and App. ii. 

1 197. The electrometer is first to be adjusted and examined 
(1LS4), and the app. i. and ii. are to be perfectly discliarged. 
A Leyden phial is to be charged to such a degree that it would 
give a spark of about one sixteenth or one twentieth of an inch 
in length between two balls of half an inch diameter ; and the 
carrier ball of the electrometer being charged by this phial, is 
to be introduced into the electromeler, and the lever ball 
brought by the motion of the torsion index against it; the 
charge is thus divided between the balls, and repulsion ensues. 
It is useful then to bring the repelled ball to the standard dis- 
tance of 30"' by the motion of the torsion index, and obs^irve 
the force in depecs required for this purpose; this force will 
in future expevinients be called repulsion of the halls. 

1 198. One of tlie inductive apparatus, as for instance, app. 
i., is now to be charged from the Leytleii phial, the latter 
being in the stale it was in when used to chnrge the balls; 
the carrier ball is to be brought into contact with the top of 
its upper ball {k. fig. 1), then introduced into the electrome- 
ter, and the repulsive force (at the distance of 30"') measured. 
Again, the carrier should be applied. to the app. i. and the 
measurement repeated; the apparatus i. and ii. are then to be 
joined, so as to divide the charge, and afterwards the force of 
each measured by the carrier ball, applic'd as before, and the 
results carefully noted. After this both i. and ii. are to be 
discharged; then app. ii. charged, measured, divided with 
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app. i., and the force of each again measured and noted. If 
in each case- the half charges of app. i. and ii. are equal, and 
are together equal to the whole charge before division, ^en it 
may be considered as proved that the two apparatus, ^ pre- 
cisely equal in power, and fit to be used in cases of comparison 
between different insulating media or dielectrics. 

1199. But the necessary to obtain accurate re- 

sults are numerous. The apparatus i. and ii. must always be 
placed on a thoroughly uninsulating medium. A mahogany 
table, for instance, is far from satisfactory in this respect, and 
therefore a sheet of tin foil, connected with an extensive dis- 
charging train (:i92.), is what I have used. I'hey must J»e so 
placed also as not to be too near each other, and yet equally 
exposed to the inductive influence of surrefunding objects; and 
these objects, again, should not be disturbed in their position 
during an experiment, or else variations of induction upon 
the external ball B of the apparatus may occur, and so errors 
be introduced into the results. The carrier ball, when re- 
ceiving its portion of electricity from the apparatus, should 
always be applied at the feame part of the ball, as, for instance, 
the summit A, and always in the same way; variable induction 
from the vicinity of the head, hands, &c. being avoided, and 
the ball after contact being withdrawn upwards in a regular 
and constant manner. 

1200. As the stem had occasionally to be changed (1190.), 
and the change might occasion slight variations in the position 
of the ball within, 1 made such a variationj)urposely, to the 
amount of an eighth of an inch (which is far more than ever 
could occur in practice), but did not find that it sensibly altered 
the relation of the apparatus, or its inductive condition ds a 
tnhole. ^Am>ther trial of the apparatus was made as to the 
effect*of dampness in the air, one being filled w'ith very dry 
air, and the other with air from over water. ^Though this 
produced no change in the result, except an occasional tend- 
ency to more rapid dissipation, yet the precaution was alwajs 
taken when working with gases (1290.) to dry them per- 
fectly. 

1201 . It is essential that the interior of the apparatus should 
be perfectly free from dust or small loose particles, for these 
very rapidly lower the charge and interfere on occasions when 
their presence and action would hardly be expected. To 
breathe on the interior of the apparatus and wipe it out quietly 
with a clean silk Imndkerchicf, is an effectual way of removing 
them ; but then the intrusion of other part ides should be care- 
fully guarded against, and a dusty atmosphere should for this 
and several other reasons be avoided. 
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1202. The shell lac stem requires occasionally to be well 
wiped, to remove, in the first instance, the film of wax and 
adnei^ matter which is upon it ; and afterwards to displace 
dirt anu^ust which will gradually attach to it in the bourse 
of experiments. I have found much to depend upon this 
precaution, and a silk handkerchief is the best wiper. 

1203. But wiping and some other circumstances tend to 
give a charge to the surface of the shell lac stem. I'his should 
be removed, for, if allowed to remain, it very seriously affects 
the degi-ee of charge given to the carrier ball by the apparatus 
(1232). This condition of the stem is best observed by dis- 
charging the apparatus, applying the carrier ball to the stem, 
touching it with the finger, insulating and removing it, and 
examining whether ft has received any charge (by induction) 
from the stem ; if it has, the stem itself is in a charged state. 
The best method of removing the charge I have found to be, 
to cover the finger with a single fold of a silk handkerchief, 
and breathing on the stem, to wipe it immediately after with 
the finger, the ball B and its connected wire, &c, being at the 
same time uninsulated: the wiping place of the silk must not 
be changed^ it then becomes sufficiently damp not to excite 
the stem, and is yet dry enough to leave it in a clean and ex- 
cellent insulating condition. If the air be dusty, it will be 
found that a single charge of the apparatus will bring on an 
electric state of the outside of the stem, in consequence of the 
carrying power of the particles of dust; whereas in the morn- 
ing, and in a rooyi which has been left quiet, several experi- 
ments can be made in succession without the stem assuming 
the least degi’eo of charge. 

1204. Experiments should not be made by candle or lamp 
light except with much care, for flames have gi^at ^nd yet 
unsteady powers of affecting and dissipating electrical chtrges. 

1205. As a final observation on the state of the apparatus, 
they should retain their charge well and uniformly, and alike 
for both, and at the same lime allow of a perfect and instant- 
aneous discharge, giving them no charge to the carrier ball, 
whatever part of the ball B it may be applied to n218.). 

1206. With respect to the balance electrometer all the pre- 
cautions that need be mentioned, are, that the carrier ball is 
to be preserved daring the first jpart of an experiment in its 
electrified state, the loss of electricity which would follow upon 
its discharge being avoided ; and, •that in introducing it into 
the electrometer through the hole in the^lass plate above, 
care should be‘ taken that it do not touch, or even come near 
to, the edge of the glass. 
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1207. When the whole charge in one apparatus is divided 
between the two, the gradual faU, apparently from dissipation, 
in the apparatus which has receivea the half charge isj^ater 
than in the one originally charged. This is due to i^culiar 
effect to be describe hereafter (1250. 1251.), the interfering 
influence of which may be avoided to a great extent by going 
through the steps of the process i^ularly and quickly ; there- 
fore, after the original charge has been measured, in app. i. 
for instance, i. and ii. are to be symmetrically joined by their 
balls B, the carrier touching one of these balls at the same 
time ; it is first to be removed, and then the apparatus sepa- 
rated from each other ; app. ii. is next quickly to be measured 
by the carrier, then app. i.; lastly, ii. is to be discharged, and 
the discharged carrier applied to it to ascertain whether any 
residual effect is present (1205.), and app. i. being discharged 
is also to be examined in the same manner and for the same 


purpose. 

1208. The following is an example of the division of a 
charge by the two apparatus, air being the dielectric in both 
of them. The observations are set down one under the other 
in -the order in which they were taken, the left hand numbers 
representing the observations made on app. i. and the right i 
hand numbers those on app. ii. App. i. is that which was 
originally charged, and after two measurements, the charge 
was divided with app. ii. 

App. i. App. ii. 

Balls 100“^ 

(f 

254" 

iMO . 

dtrided and instantly taken 
122 


124 


1 after being discharged. 

2 after being discharged. 


1209. Without endeavouring to allow for the loss which 
must have been gradually going on during the time of the ex- 
periment, let us observe the results of the numbers as they 
stand. As I* remained in app. i. in an undischargeable state, 
249" may be taken as thfe utmost amount of the transferable 
or divisible charge, the half of which is 124"’5. As app. ii. 
was free of charge in the first instance, and immediately after 
the division was found with 122", this amount at lea^t may be 
taken as what it had received. On the other hand 124® minus 
I", or 123°, may be taken as the half of the transferable charge 
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retained by app. i. Now these do not differ much from each 
other; or from 124°-5, the half of the full amount of transfer- 
able charge ; and when the gradual loss of charge evident in 
the difffoence between 25^° and 250° of app. i. is also taken 
into account, there is every reason to admit the result as show- 
ing an equal division of charge, unattended by any disappear^ 
ance of poiver except that due to dissipation. 

1210. I will give another result, in which app. ii. was first 
charged, and where the residual action of that apparatus was 
greater than in the former case. 

App. i. App. ii. 

Balls 150° 

..... 152° 

..... 148 
divided and instantly taken 

70° 

78 

5 immediately after discharge, 

0 immediately after discharge. 


1211. The transferable charge being 148‘— 5% its half is 
^ 7l°’5, which is not far removed from 70°, the half charge of 

i.; or from 73°, the half charge ofii,: these half charges again 
making up the sum of 143°, or just the amount of the whole 
transferable charge. Considering the errors of experiment, 
therefore, these results may again be received as showing that 
the apparatus were equal in inductive capacity, or in their 
powers of receiving charges. 

1212. The experiments were repeated with charges of ne- 
gative electricity, with the same general results. 

1213. That I might be sure of the sensibility 4hd action of 
the apparatus, I made such a change in one as oughf^upon 
principle to faicrease its inductive force, i. e. I put a metallic 
lining intr the lower hemisphere of app. i., so as to diminish 
the thickness of the intervening air in that part, from 0 62 to 
0*435 of an inch : this lining was carefully shaped and rounded 
so that it should not present a sudden projection within at its 
edge, but a gradual transition from the reduced interval in the 
lower part of the sphere to the larger one in the upper. 

1214. This change immediately caused app. i. to produce 
efiects indicating that it had a greater aptness or capacity for 
induction than app. ii. Thus, when a transferable charge in 
app. ii. of 469° was divided with app. i., the former retained 
a charge of 225% whilst the latter showed one of 227°, i. e. 
the former had lost 244° in communicating 227° to the latter : 
on the other hand, when app. i. had a transferable charge in 



Dr. Faraday's experimental researches in electricity. 19 

it of 381° divided by contact ^ith app. ii., it lost 181° only, 
whilst it gave to app. ii. as many as 1 94 °: — ^the sum of the di- 
vided forces being in the first instance less, and in the si^ond 
instance greater than the original undivided charge^T'hese 
results* are the more striking, as only one half of the interior 
of app. i. was modified, and they show that the instruments 
are capable of bringing out differences in inductive force from 
amongst the errors of experiment, when these differences arc 
much less than that produced by the alteration made in the 
present instance. 

If iv. Induction in curved lines. 

1215. Amongst those results deduced^ from the molecular 
view of induction (11G6.), which, being of a peculiar nature, 
are the best tests of the truth or error of the theory, the 
expected action in curved lines is, I think, the most important 
at present ; for, if shown to take place in an unexceptionable 
manner, I do not see how the old theory of action at a dis- 
tance and in straight lines can stand, or how the conclusion 
that ordinary induction is an action of contiguous particles 
can be resisted. 

1216. There are many forms of old experiments which 
might be quoted as favourable to, and consistent with the 
view I have adopted. Such are most cases of electro-che- 
mical decomposition, electrical brushes, auras, sparks, &c. ; 
but as these might be considered equivocal evidence, inasmuch 
as they include a current and discharge ( thbugh they have 
long been to me indications of prior molecular action (1230.)), 
I endeavoured to devise such experiments for first proofs as 
should not include transfer, but relate altogether to the pure 
simple^inductive action of statical electricity. 

1217. It was also of importance to make these experiments 
in the simplest possible manner, using not more than one in- 
sulating medium or dielectric at a time, lest differences of 
slow conduction should produce eflects which might errone- 
ously be supposed to result from induction in curved lines. 
It will be unnecessary to describe the steps of the investigation 
minutely ; I will at once proceed to the simplest m^e of 
proving the facts, first in air and then in other insulating 
media. 

1218. A cylinder of solid .shell -lac, 0'9 of an inch in dia- 
meter and seven inches in length, was fixed upright in a 
wooden foot (fig.* 3.) : it was made concave or cupped at its 
upper extremity so that a brass ball or other small arrange- 
ment could stand upon it. The upper half of the stem having 
been excited negatively by friction with warm flannel, a brass 

B2 
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ball. B, 1 inch in diameter, was placed on the top, and then 
the whole arrangement examined by the c^ier ball and 
CmdQmb’s electrometer (1180. &c ). hor this P"PO»e fh® 
balls o?:he electrometer were ckexgeA, positively to aboiU 300 , 
and then the carrier being applied to various parts of the ball 
B the two were uninsulated whilst in contact or in position, 
then insulated,* separated, and the charp of the carrier ex- 
amined as to its nature and force. Its electricity was always 
positivaj and its force at the different positions a. o, c, a, &t. 
(fiu. 3. and 4.) observed in succession, was as lollows : 

at a above 1000“ 

b it was 149 



d) 512 

b 130 

1219 To comprehend the full force of these results, it must 
first be understood, that all the charges of the ball B and the 
carrier are charges by induction, from the action of the excited 
surface of the shell lac cylinder ; for whatper electr^iity the 
ball B received by communication from the shell lac, either 
in the first instance or afterwards, was removed by the un- 
insulating contacts, only that due to induclion remaining; 
and this is shown by the charges taken from tp ball in this 
its uninsulated state being always positive or of the pntrary 
character to the electricity of the shell-lac. In the next 
place the charges at a, c, and d were of such a nature as 
might be expecfrd from an inductive action in straight lines, 
but that obtained at 6 is so: it is clearly a charge by in- 
duction, but induction in a curved line ; for the earner ball 
whilst applied to 6, and after its removal lo a distance of six 
inches or more from B, could not, in consepence ot the sip 
’ of B, be connected by a straight line with any part of the 

excited and inducing shell-lac. . . , „ 

1220. To suppose that the upper part of uie uninsulated ball 
B, shovddin some way be retained in an elptrifi^ state by that 
portion of the surface which is in sight of the shell-lac, would 
be in opposition to what we know already of the subject. 
Electricity is retained upon the surface of conductors opy by 
induction (1178.) ; and though some persons may notbepre- 


* It can hardly be necessary for me to say here, thp whatever 
«.neral state the carrier ball acauired in any place where it was 
^insulated and then insulated, it retain^ on rempal from t^t 
Zee, notwithstanding that it might pass through other places, that 
wZli have given to it, if uninsulated, a different cbndition. 
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pared as yet to admit this with respect to insulated conductors 
all will as regards uninsulated conductors like the ball B, 
and to decide the matter we have only to place the camrfball 
at e (fig. 4.), so that it shall not come in contaot^ith B, 
uninS^ate it by a metallic rod descending perpendicularly, 
insulate it, remove it, and examine its state : it will be found 
charged with the same kind of tiectricity as, and even to a 
higher degree (1224.) than, if it had been in contact with the 
summit of B. ♦ 

1221. To suppose, again, that induction acts in some way 
through or across the metal of the ball, is negatived by the 
simplest considerations ; but a fact in proof will be better. 
If instead of the ball B a small disc of^metal be used, the 
carrier may be charged at, or above the middle of its upper 
surface ; but if the plate be enlarged to about 1 1 or 2 inches 
in diameter, C (fig. 5.), then no charge will be given to the 
carrier at y, though when applied nearer to the edge at g, or 
even above the middle at A, a charge will be obtained ; and 
this is true though the plate may be a mere thin film of gold- 
leaf. Hence it is clear that the induction is not through the 
metal, but through the air or dielectric, and that in curved 
lines. 

1222. I had another arrangement, in which a wire passing 
downwards through the middle of the shell-lac cylinder to the 
earth, was connected with the ball B (fig. (5.) so as to keep it 
in a constantly uninsulated state. This was a very convenient 
form of apparatus, and the results with it Were the same as 
those described. 

1223. In another case the bail B was supported by a shell- 
lac stem, infiependently of the excited cylihder of shell-lac, 
and £|||: httlf an inch distance from it ; but the effects were the 
same. Then the brass ball of a charged Leydeiy ar w'as used 
in place of the excited shell-lac to produce induction ; but 
this caused no alteration of the phaenoinena. Both positive 
and negative inducing charges were tried with the same 
general results. Finally, the arrangement was inverted in 
the air for the purpose of removing every possible objection 
to the conclusions, but they came out exactly the same. 

1224. Some results obtained with a brass hemisphere in- 
stead of the ball B were exceedingly interesting. It was 1*36 
of an inch in diameter, (fig. 7.), and being placed on the top 
of the excited shell-lac cylinder, the carrier ball was applied, 
as in the former experiments (1218.), at the respective posi- 
tions delineated in the figure. At i the force was 112'", at k 
108°, at / 65°, at m 35°; the inductive force gradually 
diminishing, as might have been expected, to this point. 
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But on raising the carrier to the position n the charge in- 
creased to 87"" ; and on raising it still higher to o, the charge 
still r.’jjjjher increased to 105*" : at a higher point still, /?, the 
charge tL.ljten was smaller in amount, being 98^*, and continued 
to diminish for more elevated positions. Here the induction 
fairly turned a comer. Nothing, in fact, can better show 
both the curved lines or courses of the inductive action, dis- 
turbed as they are from their rectilineal form by the shape, 
positioi# and condition of the metallic hemisphere ; and also 
a lateral tension^ so to speak, of these lines on one another : 
all depending, as I conceive, on induction being an action of 
the contiguous particles of the dielectric thrown into a state of 
polarity and tension, and mutually related by their forces in 
all directions. 

1225. As another proof that the whole of these actions 
were inductive, I may state a result which was exactly what 
might be expected, namely, that if uninsulating conducting 
matter was brought round and near to the excited shell-lac 
stem, then the inductive force was directed towards it, and 
could not be found on the top of the hemisph«?re. Removing 
this matter the lines of force resumed their former direction. 
The experiment affords proofs of the lateral tension of these 
lines, and supplies a warning to remove such matter in re- 
peating the above investigation. 

1226. After these results on curved inductive action in air 
I extended the experiments to other gases, using first carbonic 
acid and then hydrogen : the phainomena were precisely 
those already described. In these experiments I found that 
if the gases were confined in vessels they required to be very 
large, for whether of glass or earthenware, thg conducting 
power of such materials is so great that the inducti&n of the 
excited shell-lac cylinder towards them is as much is ii they 
were metal ; and if the vessels be small, so great a portion of 
the inductive force is determined towards them that the lateral 
tension or mutual repulsion of the lines of force before spoken 
of (1224.), by which their inflection is caused, is so much re- 
lieved in other directions, that no inductive charge will be 
given to the carrier ball in the positions A;, /, w, w, o,/?, (fig. 7.). 
A very good mode of making the experiment is to let large 
currents of the gases ascend or descend through the air, and 
carry on the experiments in those currents. 

1227. These experiments were then varied by the substitu- 
iton of a liquid dielectric, namely, oil of turpentine^ in place 
of air and gases. A dish of thin glass well covered with a 
film of shell -lac (1272.), and found by trial to, insulate well, 
had some highly rectified oil of turpentine put into it to the 
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depth of half an inch, and being then placed upon the top of 
the brass hemisphere, (fig. 7.) observations were made with 
the carrier ball as before ( 1 2^4.). The results were the,5€mei 
and the circumstance of some of the positions beij^^fVithin 
the fluid and some without, made no sensible difFefence. 

12:^8. Lastly, I used a few solid dielectrics for the same 
purpose, and with the same results. These were sheU-lac, 
sulphur, fused and cast borate of lead, flint glass well covered 
wi^ a film of lac, and spermaceti. The followingiwas the 
form of experiment with sulphur, and all were of the same 
kind. A square plate of the substance, two inches in extent 
and 0*6 of an inch in thickness, was cast with a small hole or 
depression in the middle of one surface to receive the carrier 
ball. This was placed upon the surface? of the metal hemi- 
sphere (fig. 9.) arranged on the excited lac as in former cases, 
and observations were made at w, o, /?, and q. Great care 
was required in these experiments to free the sulphur or other 
solid substance from any charge it might previously have 
received, This was done by breathing and wiping (1203.), 
and the substance being found free from all electrical excite- 
ment, was then used in the experiment ; after which it was 
removed and again examined, to ascertain that it had received 
no charge, but had acted really as a dielectric. With all 
these precautions the results were the same ; and it is thus 
very satisfactory to obtain the curved inductive action through 
solid bodies j as any possible effect from the translation of 
charged particles in fluids or gases, which some persons might 
imagine to be the case, is here entirely negatived. 

1229. In these experiments with solid dielectrics, the degree 
of charge, assumed by the carrier ball at the situations ra, o, p 
(fig. 9.)f was decidedly greater thai> that given to the ball at 
the same places when air only intervened between it and the 
metal hemisphere. This efi’ect is consistent with what will 
hereafter be found to be the respective relations of these 
bodies, as to their power of fatuUtating induction through them 
(1269. 1273. 1277.). 

1230. I might quote many other forms of experiment, some 
old and some new, in which induction in curved or contorted 
lines takes place, but think it unnecessary after the preceding 
results I 1 shall therefore mention but two. If a conductor 
A, (fig. 8.) be electrified, *and an uninsulated metallic ball 13, 
or even a plate, provided the edges be not too thin, be held 
before it, a small electrometer at c or at d, uninsulated, will 
give signs of electricity, opposite in its nature to that of A, 
and therefor^ caused by induction, although the influencing 
and influenced bodies cannot be joined by a right line passing 
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through the air. Or if, the electrometers being removed, a 
point be fixed at the back of the ball in its uninsulated state 
as atit,C, this point will become luminous and discharge the 
conductor A. The latter experiment is described by Nichol- 
son,* who*, however, reasons erroneously upon it. As to its 
introduction here, though it is a case of discharge, the dis- 
charge is preceded by induction, and that induction must be 
in curved lines. 

1231. As arguthent against the received theory of induc- 
tion and in favour of that which 1 have ventured to put forth, 
I cannot see how the preceding results can be avoided. The 
effects are clearly inductive effects produced by electricity, 
not in currents but in its statical state, and this induction is 
exerted in lines of fdrce which, though in many experiments 
they may be straight, are here curved more or less according 
to circumstances. I use the term line of inductive force merely 
as a temporary conventional mode of expressing the direction 
of the power in cases of induction ; and in the experiments with 
the hemisphere (1224.), it is curious to see how, when certain 
lines have terminated on the under surface and edge of the 
metal, those which were before lateral to them expand and open 
out from each other ^ some bending round and terminating their 
action on the upper surface of the hemisphere, and others 
meeting, as it were, above in their progress outwards, uniting 
their forces to give an increased charge in the carrier ball, at 
an increased distance from the source of power, and influencing 
each other so as 4o cause a second flexure in the contrary di- 
rection from the first one. All this appears to me to prove 
that the whole action is one of contiguous particles, related to 
each other, not merely in the lines which they may be con- 
ceived to form through the dielectric, between flie kiductric 
and the inducteous surfaces, but in other lateral directions 
also. It is fhis which gives the effect equivalent to lateral re- 
pulsion or expansion in the lines of force I have spoken of, and 
enables induction to turn a comer (1304.). The power, in- 
stead of being like that of gravity, which relates particles 
together through straight lines, whatever other particles may 
be between them, is more analogous to that of a series of 
magnetic needles, or to the condition of the particles consi- 
dered as forming the whole of a straight or a curved mag- 
net. So that in whatever way ^I* view it, and with great 
suspicion of the influence of favourite notions over myself, I 
cannot perceive how the ordinary theory bf induction can be 
a correct representation of that great natural principle of 
electrical action. 


* Encyclopaedia Britannica, vol. vL p. 504: 
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1232. I have had occasion in describing the precautions 
necessary in the use of the inductive apparatus^ to refer to 
one founded on induction in curved lines (1203.) ; and^fter 
the experiments already described, it will easily be ^een how 
great an influence the shelMac stern may exert-^ipon the 
charge of the carrier ball when applied to the apparatus 
(I 218.)5 unless that precaution b^ attended to. 

1233. I think it expedient^ next in the course of these ex- 
perimental researches, to describe some effects due to con- 
duction^ obtained with such bodies as glass, lac, sulphur, &c., 
which had not been anticipated. Being understood, they will 
make us acquainted with certain precautions necessary in in- 
vestigating the great question of specific inductive capacity. 

• 

( To be continued.) 


II. Onthe decomposition of loaterby the agency of growing 
plants, more particularly the Aquatic Confervas, the 
Lemna, a genus of the Monoecia Diandria class^ 8fc. Sfc. 
By W. H. Weeki^s, Esq., Surgeon, Lecturer on Philoso- 
phical and Operative Chemistry, &c. &c. &c. 

Since that period when the justly revered names of Priestly 
and Ingenhouse shed a halo of refulgence around experi- 
mental philosophy, and the former made kpown the result of 
his celebrated enquiries on the respiration of plants, not only 
botanists and vegetable physiologists, but chemical philoso- 
phers also, appear to have concurred in tha general opinion, 
that plants*' absorb carbonic acid from the air under certain 
circilmstances, and emit oxygen in return ; and Dr. Ingen- 
house concludes that this change occurs only dift-ing exposure 
to the direct rays of the sun. It is further presumed that in 
the dark an opposite effect obtains, and that carbonic acid gas 
is neither absorbed nor oxygen gas evolved; but on the con- 
trary, oxygen disappears, and carbonic acid is disengaged. 

I am neither prepared nor disposed to deny, that, under 
certain circumstances,” these conclusions do appear to be 
borne out and established, generally, by attentive observation 
and experiment; but there are likewise facts and circum- 
stances, which I shall submit, warranting the conclusion that 
these results dd not invariably obtain from the functional exer- 
cise of every description of plants, and which, I think, also 
render it worth while to enquire, whether, as is generally as- 
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aomed, it be a fact that the oxygen evolved by the respiratory 
action in plants^ is uniformly derived from the decomposition 
of t^e carbonic acid gas, as absorbed from the atmosphere, 
soil, Scc^j or from that of the more abundant source, water, 
in which txygen is known to form a large proportional con- 
stituent. 

A series of cautious and minutely observed experiments oc- 
cupying my attention at frequent intervals during some eight 
or ten years past, have, I presume, authorized me to indulge 
in the above conclusions, and to assert that pure oxygen alone 
is constantly evolved, by certain plants at least, whether they 
be exposed to the influence of solar light alone, or subjected 
to the alternate changes of day and night. 

The discovery of «this interesting and additional feature in 
the operative chemistry of nature, owes its remote origin to 
circumstances which T feel claim from me, at least, the tribute 
of a brief recital. It is now about twelve years since I had 
the peculiar satisfaction of acquiring the scientific acquaint- 
ance and ultimate friendship of Thomas Pine, Esq., of Maid- 
stone, in Kent, the author of a theory appropriately denomi- 
nated by him Electro- Vegetation, i\\e legitimate offspring of 
long patient observation and induct ive experiment; and which 
theory I can have no hesitation in believing must eventually 
take its place among the established truths of philosophy. 
Immediately upon our acquaintance Mr. l^ine suggested to 
my management a series of experimental researches such as I 
might conceive best calculated to subject his opinions to the 
severest tests of chemical and general examination. In 
further relation to the theory above mentioned, it is only 
necessary for me^n this place to observe, that the conclusions 
of its author were amply supported by the long ^ries of ex- 
periments in question. 

During the progress of these enquiries incidental to the 
Spring and Summer seasons of the years 1833-4 and 5, it 
became expedient for me to adopt means whereby 1 might 
bring the extreme branches of various growing plants and 
shrubs into operation under a pneumatic apparatus; some- 
times employing in my manipulations merely a valve of mer- 
cury with a common atmosphere in the receiver above the 
fluid metal, and at others causing the branches to grow for 
ipany days and even weeks within an entire atmosphere of 
water, limited only by the capacity of the receiver, with a 
view to collect and examine the gaseous ^ results obtained 
daring the progress of a vigorous state of vegetation. While 
conducting these researches by means of the usual water 
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trough and graduated bell glass, I often became forcibly im- 
pressed, alter attentive observation, with the idea that the 
leaves and branches of plants, growing within my hydrd^neu- 
matic apparatus, were materially indebted for the large 
quantity of their gaseous products to decompositi^ff of a por- 
tion of the surrounding atmosphere of water, as well as to 
exhalations from the surface of (heir leaves, &c., originating 
in the decomposition of carl)onic acid, though, neither then 
nor subsequently have I found cause to regard the generally 
received opinion on this subject as being devoid of foundation 
under ordinary circumstances and in a dry atmosphere. 

Pursuing, at the period above mentioned, the train of thought 
thus suggested, 1 was led to consider the well known experi- 
ment of placing a fresh detached sprig of mint or other suc- 
culent plant within an inverted glass jar of water, for the 
purpose of exhibiting the evolution of bubbles of oxygen from 
the surface of its leaves exposed to the action of solar light ; 
nor could I long hesitate in adopting, as an opinion at leasts 
that the oxygen obtained in this experiment owed its origin, 
in no inconsiderable degree, also to decomposition of a portion 
of the water employed, and not entirely, as generally believed, 
to the carbonic acid held in solution by the fluid. 

A multiplicity of engagements continued to delay my inten- 
tion of endeavouring to illustrate this important question by a 
furi her apiK?al toexperiinent, until the immediate ardour arising 
out of the subject had somewhat abated ; when, early in the 
Autumn of 1837, my attention thereto wtjp strongly revived 
by the accidental circumstance of a decanter of river water, 
in which some small portion of a very minute species of con- 
fervai had luxuriantly vegetated, having bqpn left unmolested 
and exposAl at times, during several weeks, to a strong sun- 
light in the wdiidow of my bed-room. I now observed that 
on the sides and neck of the glass innumerable bubbles 
of gas were collected and continuously arose fri^m the surface 
of the confervBB or green vegetable matter before mentioned ; 
and this gaseous product 1 had ever) reason, short of actual 
testing, to consider as oxygen derived from partial decompo- 
sition of the water in my decanter. 

The season had too far advanced to permit of resuming my 
former researches, especially with the delicate confervae, now 
the more immediate object of my attention; I therefore 
waited, with no small degVee of impatience, the arrival of the 
spring and summer of 1838, with the design of subjecting my 
theoretical conclusions to the test of actual experiment. It was 
not, however, until the commencement of the month of August, 
that the PunctaliSy a minute species of confervas abound- 
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m Btagftant waters^ asponds, ditches, water-tanks, &c., ap- 
pMred sufficiently luxuriant for my purpose ; when the simple 
but aribpletely efficient form of apparatus, represented in the 
annexed ^^ketch, was immediately put in reqmsition for the 
occasion. -The bolt-head a, holding one gallon, having been 
taken to a water-tank in which a sufficient quantity of the 
confervae in question was discovered to have vegetated, the 
globular part of the glass vessel was forcibly immersed beneath 
the surface of the fluid, until the orifice of the neck could be 



brought into an appropriate position to admit of the globe 
filling freely, while the current of water, during its downward 
impetus, carried with it an ample quantity of the plant sought 
to be operated upon. The position of the bolt-head having 
been now reversed with the opening of the neck downwards, 
the stoneware jar 6, charged also with the water of the tank, 
was plunged perpendicularly underneath, and when the neck 
of tne glass had been immersed within the water of the jar, 
until the inferior circumference of the globular part rested 
upon the substantial rim of the lower vessel, the two were 
carefully removed and placed immediately in an eligible 
situation in my garden, subject to frequent observation. I 
do not think I can convey to those whom it may possibly 
interest, a better idea of the subsequent progres's of my experi- 
ment, Aah by subjoining occasional extracts from my daily 
Joomal of Memoranda, or rough notes, made on the spot at 
the moment of observation. 
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August \2thf 1838. — At 8 a. m. placed a quantity of the 
Confervffi Punctalis^ in rain water, under the pneumatic ap- 
paratus in garden — evening bright with light breezes jrfrom 
S. W. Since being at rest the whole of the minuteplant has 
resumed its natural tendency to the surface of the^uid, and 
occupies the zenith portion of the glass globe. Appearance 
perfectly healthy. • 

13th, eight o’clock, a. m. — A gas has been abundantly 
evolved, during the past night. The confervse has been in 
consequence depress^ from its original position in the upper 
hemisphere of the globe, its former place being now occupied 
by the gaseous product, fully equal in amount to the bulk of 
plant ; I presume not less than from sixteen to eighteen cubic 
inches. The water of the jar has overflown in a corresponding 
degree. 

18th. — The formation of gaseous matter from conferv© 
punctalis has been almost regularly progressive during the 
last five days, and now occupies nearly one-sixth of the globu- 
lar hemisphere. Appearances indicate that the evolution of 
gas is on the decline ; the plant also shows symptoms of 
decreasing vigour. 

21st. — Gas has not materially augmented to-day; and I 
conclude that the conferv© has nearly ceased to vegetate. 

Four o’clock, p. m. — Resolved to fransfer the gas collected 
from glass globe to a series of air jars of different capacities, 
for the purpose of chemical examination. — Six o’clock, p. m. 
Gas generated within the space of nine ^ays, amounts to 
fifty-eight cubic inches, and proves to be oxygen more pure 
than usually obtained artificially. An extinguished wax taper 
is instantaneously relighted by being plugged therein, and 
phosphpruif, iron wire, and other combustibles, bum with 
gredt brilliancy. A cubic inch tube, graduated in hundredths, 
charged with the gas and placed over pure liquer potassa. 

22d. evening. — The volume of gas in cubic inch tube over 
liquor potassa (temperature considered) has diminished only 
one and a half per cent in about twenty-four hours, and has 
remained without decrease during the greater part of that 
time ; consequently, the oxygen thus obtained, holds in ad- 
mixture a smaller proportion of carbonic acid than that 
generally procured by exposing to a red heat the peroxide of 
manganese. 

These experiments with* the conferv© punctalis were several 
times repeated'during the months of August and September, 
and invariably with similar results, as witnessed by divers 
scientific friends who obligingly interested themselves on the 
occasion. Subsequently the lemna, a genus of the monmcia 
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diandria class, (commonly denominated duck-weed) was often 
subjected to the same process of examination, with the only 
diilefwnce that it did not produce oxygen quite so abundantly 
as the coi^^ervse punctalis, though the gas obtained from the 
lemna was found to be in a trifling degree more pure than 
that evolved by the former description of plant, inasmuch 
as it was proved by chemical analysis to contain only one per 
cent of carbonic acid. 

In the early part of the month of October, I commenced a 
series of similar trials with several larger species of aquatic 
plants, but, owing to removal from their native habitudes at 
a late period of the season, nw efforts were not attended with 
a like degree of success. From these latter experiments, 
however, I learned thilt it is only in the perfectly healthy and 
vigorom state that plants possess the power to decompose 
water and liberate its oxygen. Under certain circumstances, 
which require further researches to detine, I am convinced 
that some plants evolve a portion of nitrogen. 

As connected with and arising out of the subject of this 
paper, 1 shall permit myself to subjoin a few desultory obser- 
vations. It has been ingeniously suggested to me by a highly 
esteemed scientific friend, that the oxygon obtained during 
the experiments above detailed, might possibly arise from the 
decomposition of a considerable portion of carbonic acid, not 
urifrequently held in solution by certain waters. Now, the 
water employed in my experiments, as first statetl, was taken 
from a large open iank on the premises, and it is quite fair to 
say that few specimens could be furnished in greater purity. 
The substances known generally to be held in solution by 
rain water, are air, carbonic . acid, carbonate of lime, and, 
according to JBergman, occasionally some traces oftiitsic acid 
and a little muriate of lime. The best authorities agree that 
the quantity eff air in good water, of the kind in question, does 
not exceed one-twenty-eighth of the bulk; and that one hun- 
dred cubic inches contain generally about one cubic inch of 
carbonic acid gas, but I have satisfied myself that the rain 
water actually employed, yielded rather short of the usual 
assumption. If we reckon the bolt-head to contain one gal- 
lon, or about 278 cubic inches, which will be a sufficient 
approximation to the fact, we shall perceive that the full 
amount of carbonic acid in the water •of my experiment could 
not exceed three cubic inches, a quantity quite inadequate to 
furnish on decomposition even a sixth part bf the oxygen 
evolved during the first night, and the possibility of the water 
acquiring any addition of carbonic acid by absorption from 
the surrounding atmosphere, was effectually provided against 
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in the construction of the apparatus. Nor does it appear 
that the common air contained in the water used, had been 
expelled and thus augmented the volume of gas ultimpfbly 
measured, because the only deviation from the pure oxygen 
found on analysis, was from one to one and a half p^ cent of 
carbonic acid. If we suppose the plant capable of decomposing 
atmospheric air, a considerable qu£oitity of nitrogen must have 
been manifest on examination. 

Sir H. Davy, at page 192, fourth edition of his ‘‘ Last Days 
of a Philosopher,” says those fishes that spawn in Spring or 
the beginning of Summer, and which inhabit deep and still 
waters, as the carp, bream, pike, tench, &c., deposit their eggs 
upon aquatic vegetables, which, by the influence of the solar 
light, constantly preserve the water in af state of aeration.” 
Though the form of expression used by our celebrated philoso- 
pher is not definitive, I think I may safely assert that the 
means employed by nature to effect the important object 
alluded to by Davy, that of preserving the water in a state of 
aeration, consists in the power of growing plants to decompose 
that fluid and supply a vivifying principle to the eggs by the 
disengagement of oxygen. Upon similar grounds, 1 presume, 
we might fairly conclude, that the baneful influence of malaria 
arising from the stagnant waters of marshy districts, is, during 
the spring and summer materially modified by the oxygen 
(emphatically characterized as air by Dr. Priestly) gene- 
rated from the action of confervae and other aquatic vegeta- 
bles, abundantly inhabiting the still waters qf such localities. 
In the season of autumn, when the vigorous action of vege- 
tation has ceased, and the plants themselves in many instances 
pass into decomposition, experience shows Jthat the demon 
malaria |»egilis to diffuse its most pestiferous exhalations. 

It being obvious, from the experiments above recorded, 
that the leaves of plants are furnished with organs suited to 
the office of decomposing water, and as we find. only one of 
the elements of this fluid set at liberty, it follows logically 
that the other element, viz, the hydrogen, is absorbed by the 
plant and adapted to Uie nurposes of the vegetable economy ; 
at least, I presume that r^ave brought suflicient evidence to 
show, that in addition to the offices of the roots, leaves, 
“ common” and proper vessels f hitherto known, nature has 
provided plants with another important source of action, by 
the direct exercise of which they derive from one of the ele- 
ments of water,* a principal constituent* of their own, while 

* Some ten or twelve years since, while engaged in the analysis 
o f upwards of*forty specimens of indigenous and foreign woods, by 
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from the disengagement of the other^ they silently administer 
to the purity of the atmosphere and the economy of animal 
lifeV^ 1 have not unfrequently spent many hours, aided by the 
microscope, in watching, particularly in bright days, the 
evolution^of gas bubbles as they are formed and disengaged 
from small aquatic vegetables, as well as from the detached 
leaves of other plants immersed in water ; and, as one of the 
fruits gathered from such observation, I imagine I shall not 
risk any very serious condemnation, in venturing to conjecture 
that the spinous or downy points presented by the superfices 
of leaves (and I find it is to these points that the bubbles of 
gas are invariably attracted) are analogous to so many gal- 
vanic poles, rendered more or less potent by the agency ot 
solar light and other circumstances ; thus, however minute 
and trivial in their individual operation, producing by their 
infinitude an amazing aggregate of electro-chemical action ; 
and though, doubtless, this be most conspicuous where exer- 
cised in the stagnant pool, or meandering rivulet, yet, never- 
theless, extending its natural magic equallyi^o decompose the 
beautiful leaflet gem exhibited in the spangling dew-drop. 


the process erf close distillation, I became forcibly struck with the 
proportionately large volume of hydrogen frequently evolved in 
combination with carbon, &c.; so abundant, indeed, that I was 
induced to convey it into a temporal^ reservoir, and occasionally 
appropriated it as a means of ilium inmion in my laboratory opera- 
tions. If, during the growth of plants, this quantity of hydrogen 
be not materials derived from tne decomposition of water, by a 
direct exercise of their external functions, it will be extremely dif- 
ficult to account for its origin and^presence as a component of 
lignepus fibre ; for, though we are not yet accurately familiarized 
with ther internal organization of vegetables, and their consequent 
capabilities, it seems scarcely probame that to this single and some- 
what limited source alone, the whole of the bydrogenjs attributable 
which we find resulting on careful analysis. 
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III. Experimental and Theoretical Researches in Elec* 
tricity. Second Memoir, By William SruROjEON, jLec- 
turer on Experimental Philosophy at the Hon. East India 
Company’s Military Seminary, Addiscombe, 

Read March 3cl,and December IQtli, 1838. 

On the Identity or JSTon-identity of Electricity and Mag* 
netism — Different opinions of Philosophers on this topic 
— Experimental Examination of those Phenomena which 
are supposed to favour the hypothesis — Examination of 
M, Ampere^ s Hypothesis — The polar forces of hard steel 
Magnets unvanquishable by Electric Currents — The 
inefficiency of Electric Currents iu magnetizing hard 
steel to a high degree of power — The distribution of mag* 
netic force exhibited by Steel Magnets and by Loadstone, 
not imitable by Electric Currents, 

^88. In the first memoir which I had the honour to present 
to this Society, Pendeavoured to elucidate those fundamental 
principles of electricity, which appear obviously developed by 
an extensive series of illustrative phenomena, and well calcu- 
lated to afford an easy explanation of the nature and peculiarity 
of electric action. There still, however, remains one very 
important theoretical point on which 1 have not yet touched ; 
a point which is yet wavering under the dominion of vacillating 
opinion, without any party venturing a demonstration of his 
peculiar ideas : or, indeed, showing much,#if any, reason for 
entertaining them, 

89. The discovery of the identity of lightning and ordinary 
electric discharges, by Franklin, and the well established facts 
of lightniflg depolarizing compass needles, reversing the 
polarity of others, and producing other remarkable magnetic 
phenomena, were events that have, long ago, led philosophers 
to imaging that electricity and magnetism are not distinct 
powers of nature : but that, more probably, they emanate, in 
different forms, from one and the same physical cause. The 
apparent similarity of thj^ attractions and repulsions in mag- 
netism and electricity, has also been considered as favourable 
to the hypothesis. 

90. It is now more than half a century ago since the 
celebrated Father BecCaria. ventured an opinion, that the 
electrical and magnetic powers are identical. “Are not these 
peculiar effects’of the electric fire with respect to magnetism,” 


* From the Transactions of the London Electrical Society. 
VoL. IV.— No. 19, July, 1839. C 
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said this eminent philosopher, " so many proofs which cor- 
roborate my former conjectures, that the peculiar magnetic 
forc^observed in loadstone is to be attributed to either atmos- 
pherical or subterraneous strokes of lightning ; and that the 
unlversalKystematic properties of magnetic bodies are pro- 
duced by an universal systematic circulation of the electric 
element ?”* This hypothesis of the illustrious Italian was 
not much attended to, till tfie discovery of electro-magnetism, 
which happened nearly fifty years afterwards ; when it was 
again broached, as a new idea, by M. Ampere. Since that 
time the hypothesis has gained many proselytes, though there 
be still some philosophers who do not entertain that opinion : 
and as electricity has latterly produced many phenomena, 
whose true cause can, only be understood by a proper solution 
of the problem which this disputed point has created, a strict 
investigation of the various circumstances connected with it 
can hardly fail to be interesting to the Electrical Society : I 
have therefore devoted the whole of this memoir to that par- 
ticularly important subject, in which, it will be found, I have 
collected, examined, and arranged the most striking instances 
of analogy in electricity and magiietisiii : and have also pointed 
out many phenomena in which they as obviously disagree. I 
have contemplated the whole as profoundly as 1 have been 
able, and have discussed the various to])ics as I have proceeded, 
with freedom and candour, in the manner following: — 

91. If one of the poles of each of two magnets be presented 
to each other, a tendency either to recede from, or approach 
each other is immediately manifested, accordingly as these 
poles are similar or dissimilar respectively; and because simi- 
lar and dissimilar electrized bodies evince coiTesponding ten- 
dencies to move from or towards each other, the* two sets of 
phenomena have been regarded as marking a strong SnfJ.ogy, 
and have bee^i held forth as evidence in favour of the identity 
of the magnetic and electric agents, liut, before these, or 
any other supposed analogies be permitted to enter into any 
code of physical laws, they ought to be examined with the 
most rigid scrutiny and exactness. The phenomena ought 
not only to be compared with each other, but each individual 
event should be traced, as closely as circumstances will per- 
mit, to the nearest cause of its production ; and in what man- 
ner it would be affected by varying the conditions of the ex- 
periment : and, in the question before us, it is only from such 
dose investigations as these, that data are to be obtained 
which can be esteemed of much intrinsic value. 

* Treatise on Artificial Electricity. By Father* Giambatista 
Beccaria,. p. 310, English edition, London, 1776. 
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92. In contemplating the phenomena I have been speaking 
of in the manner proposed, let it be supposed that ns s'n\ fig. 
1, Plate II, arc two magnetic needles, each suspended a 
fine thread ; and that p and w, fig. 2, are two dissimilarly 
electrized balls, suspended in a like manner. Thais', because 
of the magnetic poles ns' fi's, which are opposite to each 
other, being of ditierent kinds, th(jy will approach each other 
until they come into contact : and a parallel phenomenon will 
be exhibited by the dissimilarly electrized balls, 77. n. Thus 
far the analogy appears to hold good. Our conclusions, how- 
ever, are not to be drawn from these facts alone, for the 
motions already performed are the mere preliminaries to the 
display of other phenomena which demand still greater atten- 
tion, and reveal the operation of other aWributes than those 
which brought the bodies together. The electric balls, n, 
very shortly after the first contact, separate from each other; 
and if their first electric conditions were of equal degrees 
above and below the common standard, or neutral state, they 
would neutralize each other’s action, and their fibres of sus- 
pension would hang parallel to each other. But if their first 
electric conditions were not of equal degrees above and below 
the natural standard, both balls would remain either positively 
or negatwely electrical, accordingly as p or n exhibited the 
greater degree of electric tension prior to the first contact. In 
either case the balls would display a tendency to recede from 
each other, and diverge their fibres of support. 

93. Now the motions last exhibited by the electric balls 
find no parallel phenomena in the magnetic ^oles ns' ns', fig. 
1, which still cling together without evincing the least ten- 
dency to separate : instead of which, it is a well-known fact, 
that the longer those poles are permitted to remain unmolested 
the gacater degree of force would be required to separate them. 
Hence, then, without entering into any theoretical^isquisition, 
these electric and magnetic phenomena are so obviously dis- 
similar, that instead of being susceptible of inferences in 
favour of an identity in the operating causes, they have an 
obvious tendency to bias the mind to the very opposite con- 
clusion. 

94. I^t the two electric balls,/?, w, fig. 3, be suspended on 
the opposite sides of a fixed ball B, which is in the natural 
electric condition. Th^ electric bodies p and n will im- 
mediately approach B; and after contact with that body they 
will recede from, it. When the body B is insulated, and the 
bodies p and n differ in degree of electric tension, above and 
below the natural standard respectively, all the three bodies 
remain electrized after contact : and p and n exhibit a ten- 

C2 
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dency to recede from B. If, on the other hand, p and n are 
of equal degrees of electric tension above and below the 
natbVral standard, they will neutralize each other through the 
medium of B ; and B also will remain neutral. If the body 
B were uWnsulated, it would be a matter of no consequence in 
what manner p and n were electrized, they would both become 
neutralized by contact with that body. Here then we have 
three conditions under which the electric balls, j) and w, would 
approach B by electric action ; but in no case would they be 
retained in contact with that body. In every variation of 
these experiments the bodies,/? and n, would have their elec- 
tric energies considerably deteriorated by contact with B ; 
and in some cases those energies would totally vanish by such 
contact, however powerfully they might previously have been 
displayed. 

95. Let now a parallel experiment be made in magnetics, 
by suspending two light bar-magnets by threads as represented 
by fig. 4. When the inferior dissimilar poles n s' hang on the 
opposite sides of a soft iron ball /, as in the figure, they im- 
mediately approach that ball ; and when they have once come 
into contact with it they remain attached to it ; and the longer 
they are left undisturbed the gi*eater is their tendency to 
remain there : so that the contact, instead of diminishing the 
attractive force, absolutely increases it. How very difiTeient 
are these events to those which occur by electric action. In 
every case of contact by magnetic attraction, the forces which 
bring the bodies together, become exalted in some proportion 
to the closeness ^uf contact : and in no case are those forces 
impaired by time. The electric attractive forces, on the con- 
trary, are invariably, and immediately impaired by the bodies 
touching one another. In some cases they are suddenly and 
totally neutralized ; and in no instance are they of Idiigtilura- 
tion indepei^dently of a continuous exciting process. 

96. Electro-polarization (52,) has an apparent analogy in 
magnetism, but the ditferent ways in which the experiments 
may be varied, lead to results wdiich show an obvious difler- 
ence in the causes producing them. The nearest responsive 
fact is the polarization of soft iron by placing it in the vicinity 
of a permanent magnetic pole. If^ for instance, the piece of 
soft iron 5 ', w', fig. 5, be placed near to the magnetic pole s, of 
the steel bar s, w, a magnetic polarity will immediately be 
displayed in the iron bar : and arranged as indicated by the 
letters, viz. the south pole s of the magnet n, s, will cause a 
north pole in the vicinal extremity w', and a south pole in the 
remote* extremity s' of the iron bar : but if the i^)rth pole of 
the magnet be presented to the soft iron as represented by 
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fig. 6, the order of polarity in the iron will be the reverse of 
that in the former instance : though still in accordance jii^ith 
the same law : for in both cases the poles in the permanent 
magnet occasion poles of the opposite kind to be exhibited in 
the nearest extremity of the iron : and polarity oT the same 
kind in the remote extremities of the iron. 

97, "J'he circumstances under which the magnetic polarity 
thus displayed by pieces of soft iron bears so strong a resem- 
blance to those necessary to the production of electro-polarity 
(62, figs. 89 and 90, PI. XII, Vol.2,) that a superficial observer 
might easily beled to imagine that the same agency was in ope- 
raliou in Ijoth cases : but here, as in the cases already described 
(92,93,91,95,), a close investigation o^‘ these phenomena, 
and a correct view of those wliich a variation of the circum- 
stances productive of them exhibit, lead to very diilcrent 
inferences. Let us, for instance, permit the pieces of soft 
iron, as in figs. 5 and 6, to touch the permanent magnetic 
poles to which they are presented. The steel and iron would 
remain as decidedly polar as before : and the remote poles s' 
and n' of the two pieces of iron, and n and of the steel bars 
woukl ^splay still stronger polar forces than prior to the con- 
tact. These facts have no parallel in electricity : for if the elec- 
tric bodies P and N, figs. 89 and 90, PI. XII, Vol. 2, be brought 
into contact with the bodies w, p, and p, n, to which they arc 
respectively presented, the phenomena of polarity cease to be 
exhibited : each pair of bodies immediately becomes similarly 
electric throughout ; the one pair, fig. 89, being all in an elec- 
tro-positive condiiiou, and the pair, fig. 90, being in an electro- 
negative condition, on every part of their surfaces. 

98. The electric phenomena displayed ©by bringing the 
bodies P, Snd n, p, fig. h9; and N, and p, v, fig. 90, are 
easily explained by supposing an introgression of fluid 

the relatix ely positive to the relatively negative bodies of each 
pair : but it would be exceedingly difficult to understand how 
the magnetic bodies maintained their polarity by any similar 
distribution of a fluid, or of any other physical agent, for 
whatever may be the nature of the magnetic agent, it is ob- 
viously more determinedly fixed or accumulated in the 
extremities of ferruginous bars by close contact, than when 
those bodies are at an appeciable distance from one another. 
Hence we discover that the magnetic and electric forces, 
which, at certain distances* effect such a similarity of phe- 
nomena in bodies situated in their respective localities, are 
productive of no corresponding facts when the approximation 
of those b^es is sufficiently close. Neither do the phenomena 
agree which* the newly magnetized and electrized bodies 
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exhibit after they have quitted those original magnetic and 
elec^ic bodies whereon the respective disturbing forces reside ; 
for, after the separation of w, p, andp, w, figs. 89 and 90, Plate 
XII, Vol. from P and N respectively, the former would ex- 
hibit positive and the latter negative electric action : but the 
pieces of iron, figs. 5 and 6, Plate II, would lose all traces of 
magnetic action, when once they were sufficiently removed 
from the localities of the magnets to which they had been 
attached. 

99. If it can be imagined that by substituting steel for the 
pieces of soft iron in figs. 5 and 6, Plate II, an analogy to the 
phenomena exhibited by the electrized bodies would have been 
more apparent, by the steel retaining in ague tic action after 
quitting the disturbing magnetic poles, I would observe that, 
its retaining some trace of magnetic action is a fact which 
cannot be denied : but in that case the steel would remain 
polar, as is always the case with magnetic bodies : and as no 
trace of polarity would be exhibited by the electric bodies, but 
on the contrary, an uniformity of electric action would be dis- 
coverable over every part of their respective surfaces, the 
supposed analogy again loses its support, and as decidedly 
fails in this instance as in those previously discussed. More- 
over, the pieces of steel would retain their polarity unimpaired, 
even after long continued contact with otlier bodies ; whereas 
the electric bodies would lose ail trace of electric action by the 
slightest touch with uninsulated conductors, 

100. A globa of steel may be made to exhibit permanent 
magnetic polarity when far removed from every disturbing 
force : but the same globe will not maintain any corresponding 
electric action. ..A plate of glass will exhibit electro-polarity, 
on its opposite surfaces, for some considerable tnne, after it 
has been removed from the exciting apparatus : but magnetic 
polarity is not known to be exhibited by glass. If then the 
magnetic and electric elements be identical, why this capricious 
selection of bodies for the display of these parallel phenomena? 
The electric forces will attract all kinds of matter without 
exception ; but the magnetic forces appear to be exceedingly 
select in this particular ; operating on particular kinds only. 
Coated glass, whatever may be its form, affords no permanent 
electric attractions, which are, in the least', comparable with 
the attractions exhibited by magnetic bodies : for if a metallic 
arc connect the two sides of a I^j^den jar, the electric forces 
immediately disappear ; but an iron arc connecting the poles 
of a horse-shoe magnet is permanently held there, unless 
removed by mechanical violence ; and the longer "*it remains 
undisturbed by extrinsic force, the more vigorously is it 
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attracted by the poles ; and there is no known substance 
whatever, by which the poles of a magnet may be coiine^ed, 
that will, in the least, deteriorate their powers. 

101. Those few kinds of elementary matter on which 

magnetic attractions are known to be exerted, •display no 
distinction oi‘ respect for the north or south polar forces, being 
attracted indiscriminately, and to the same extent, by both. 
Very different indeed are the nice discriminations of tho* 
positivH and negative electric forces manifested in an almost 
endless variety of phenomena, every one of which teems with 
interest in the contemplations of the philosopher, and beau- 
tifully characterizes the agency of their production. If, for 
instance, an intimate mixture of sulphur and red lead be 
indiscriminately projected through the ^ir to a series of posi-- 
lively and negatively electrized surfaces, the powders will be 
separated from each other by the dissimilar electric forces, 
into whose spheres of action they are thrown ; and the sulphur 
and red lead will respectively be found at the positive and 
negative surfaces, exhibiting a ])eculiai ily of arrangement not 
known to be accomplished by any other kind of physical 
agency^* Similar selections ai’e uniformly exhibited by elec- 
tric forces, whenever the particles of compounds on which 
they operate are sufficiently voluble to be put into motion by 
them, or are held together by inferior powers. Every individual 
electro chemical decomposition appears to be an instance of 
this kind of action, and demonstrates the peculiarity of this 
important fact. - 

102. It has been said by M. Oersted, that the only dif- 
ference in the electric and magnetic forces rests in their 
differemt degrees of tension or activity ; th^ electric being the 
more agtiv^ or vigorous in its operations : and this hypothesis 
has been attempted to be supported by M. Ampere and other 
philosophers, whose opinions on this subject wfll long com- 
mand respect. JBut I must confess that I can discern no 
satisfactory discrimination of this kind, nor am I acquainted 
with any fads that are even in the least favourable to it. It 
is well known that electric attractions arc the most powerful 
when the bodies exhibiting them manifest the greatest degree 
of tension in the display of all other electric phenomena. The 
spark, for instance, is shown to the best advantage wffien the 

• 

* This fact was first shown by I^eightenberg. Cavallo and 
Bennet, especially the latter philosopher, have extended the original 
experiments of Leightenberg, and varied tliem in a variety of 
pleasing and interesting ways . — BenneVs New Erperimenis on Elec- 
tricity, Derby ^ 1789. 
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electric body, whence it proceed, exhibits the greatest degree 
of atj^ractioii : and the charge of a jar is accomplished in the 
shortest period of time, and with the greatest degree of facility, 
under similar circumstances. Moreover, when electric dis- 
charges are performed, either from a single jar, or from a 
battery of jars, the striking distance is greatest, the flash is 
the most brilliant, the noise is the loudest, the physiological 
effects are the most powerful, and, in fact, every phenomenon 
is exhibited under the most advantageous circumstances, and 
in the most perfect manner, when the jar, or battery, is in the 
most suitable condition for a display of its attractive energies. 

103. But now let us enquire into the extent to which 
electric attractions are usually exhibited. Has any electrician 
ever seen a prime conductor, (which always shows al traction 
more powerfully than any other electric apparatus) support, 
by its electric energies alone, a single ounce of any kind of 
matter ? I presume not. Jf, tlicn, with this insigiiiiicant 
attracting force, electricity be prepared for a display of some 
of its most splendid and terrific phenomena — the production 
of vivid light, intense heat, the noise of thunder, and the de- 
struction of animal life: and that magnetism ])ioceeds from 
the same cause or agency, it seems natural to ask, why it is 
that similar phenomena are not exhibited to the same, or even 
a greater extent, by a magnetized body whose attractions are 
ten thousand times ten thousand greater than any ever wit- 
nessed in electricity? These important questions, which 
stand so promine^itly and essentially in the path of investiga- 
tion, demand the most profound coutcniplativ>n of the phiiofeo- 
pher, and must not he passed over in silence by those who are 
endeavouring to yiontify the electric and magnetic powers. 
We have yet to learn the mode of producing ^ m^^netic 
spark, and are totally igncjiant of the sensation commuiiiPaied 
by a magnetib shock. xAnd magnetic chemistry is so profoundly 
obscured from our knowledge, that no one knows even of its 
existence. 

104. If our reasoning be permitted to rest on facts alone, 
independently of favourite notions and ingenious hypotheses, 
which are but too apt to captivate the imagination of the 
superficial observer, and, sometimes, even to sap the under- 
standing of the more studious in science, the obvious contrasts 
in the phenomena presented by el oc tricity and magnetism 
enforce themselves upon our notice? too powerfully to be mis- 
understood. Even the attractions, themselves, in which 
alone the appearance of analogy exists, are so exceedingly 
dissimilar, so truly distinct from one another, that their pecu- 
liar characteristics are well defined and easily dis(?iernible, and 
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cannot be mistaken by those who devote to them a proper 
and sufficient degree of attention. ^ 

105, An insulated electrized globular body radiates its 
attracting influence on every side alike, when surrounded by 
an uniform medium, such as the atmospheric air*' as may be 
undei’stood by fig. 7, PI. 2. which may represent a great circle 
of the globe with its radiating electric force. Put a magnetized 
globe, similarly situated in space, exhibits no such radial in- 
fluence ; for being polar on opposite points {n. s. fig. 8,) of 
its surface, the greatest disposable* attracting forces are 
exerted about those polar regions, and especially in the line 
of their axis continued. At right angles to that axis, in the 
pljine of the equator, e e, the polar forces, l)y their mutual at- 
tractions, nearly balance one another ; neither of them exhibit- 


* It appears by the distribution of iron-filings, when strewed on 
])nj)er, above a bar magnet, that a considerable portion oi'Wxe north 
and south forces are engaged in attracting one another, as shown 
by the curve lines assumed by the filings; and, consequently, are 
not employed, or, at least, very sparingly so, in any attractions 
which the magnet exercises on foreign bodies, such as pieces of 
soft iron, magnetic needles, &c., placed a few inches distant from 
ils extremities and in a line with its axis; or, indeed, opposite to 
any other part of its surface ; and, although much more of the 
magnetic force is brought into play as the iron is brought nearer, 
aiicJ most of all when it is in conta* t with the pole of the magnet, 
there is still a considerable portion of force which cannot be exerted 
on this foreign body, because of its being engaged with the oppo- 
site force, about the surface of the steel, which lies between its ex- 
tremities]; and especially that wliich is situated near to its centre. 
For conyenjence then, I call that portion of 4he magnetic force 
which Kes about the equatorial part, the engaged force; and that 
whicii is brought into play on foreign bodies, the disposable force. 

The disposable force of any magnet may be diverted from its ori- 
ginal directions of action by the approximation of fercuginous bodies; 
and, in some instances, nearly the whole of it may be drawn from 
a body on which it operates, without moving either the magnet or 
the body. To illustrate this point, let a bar magnet be placed six 
or eight inches distant from the pivot of the needle, and at right 
angles to its direction. The disposable force of the magnet will 
deflect the needle to some considerable number of degrees. Now 
place on each side of the magnet, parallel to itj and about three 
inches distant from it, a piece of soft iron, about itsowm shape and 
size. The deflection of the needle will lessen considerably, showing 
that a portion of the disposable force has been diverted from its 
action on the needle. Now, bring the pieces of iron nearec to the 
magnet, and the deflection again decreases ; and when the pieces 
of iron are brought into close contact with the magnet, one on each 
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ing much disposable influence on exterior bodies. Another 
grea^ characteristic distinction in the display of the electric 
and magnetic forces by these bodies appears to be this ; — the 
electric force is wholly disposable and ready to be exerted 
upon, and eVeii transferred to, other vicinal bodies : whereas 
the magnetic forces are neither transferable nor wholly dis- 
posable, for no magnet has yet been known to have its power 
impaired by contact with unmagnelized bodies, and in no 
case is the whole of its attracting power exerted upon a vicinal 
body. 

106. I have been exceedingly anxious to discover, if pos- 
sible, some facts which might afford analogies whereon to fix 
a basis of reasoning on the identity of these physical agents ; 
but, altlioiigh 1 have* met with some further phenomena, far 
from being uninteresting in the discussion, a close examina- 
tion of their true character has shown their evidence in favour 
of the supposed identity to be of no more value than that 
afforded by the facts already noticed. 

107. If there be one electric apparatus more than another, 
whose action resembles the action of the magnet, it is the dry 
electric column, whose polar forces are more uniformly and 
permanently exhibited than those of any other electrical in- 
strument. But the attractive and repulsive powers of this 
instrument, like those in all other electrical arrangements, are 
exceedingly feeble when compared with the gigantic powers 
of a magnet; they are, moreover, directed towards, and 
operate upon, evfry kind of matter without distinction, 
whereas the magnetic attractions and repulsions, notwith- 
standing their vigorous action on ferruginous bodies, are, with 
the exception of ope or two of the metals, perfectly inert on all 
other kinds of matter. The attractions and repulsioi^ of the 
electric column are productive of vibratory motions inTpen- 
dulous bodies properly situated between the poles; which 

Bide, from end to end, nearly the whole of tlie disposable force will 
be exerted on the iron, and but very little of it, if any, will reach 
the needle so as to cause a perceptible deflection. Now, in this 
case, the extremities of the magnet are still untouched by the iron, 
and are, consequently, as much exposed to the needle as when the 
iron was not present ; notwithstanding which, it is obvious from the 
experiment, that the disposable force which before deflected the 
needle has now taken another directiqn,’and is employed in polar- 
izing the pieces of soft iron. The disposable force of the magnet, 
however, although it cannot now reacn the needle* with a sufficient 
degree of formidableness to accomplish deflection, is not entirely 
engaged by the iron, a residuum still remaining, which is detected 
by bnnging the needle nearer to the magnet. * 
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show that the vibrating body changes its electric condition at 
every contact with either pole of the instrument, and acfom- 
modates itself to the attractive influence of the opposite pole. 
When the pendulous body has come into contact with the 
positive pole, it acquires an electro-positive condifion, and is 
repelled to the negative pole, where it deposits its charge and 
becomes electro-negative. It is now again under the attractive 
influence of the positive pole, to which it is compelled to make 
another journey, and frmn which it receives a new charge 
and an immediate succeeding repellent impulse, which again 
directs it to the negative pole ; and in this manner the sus- 
pended body performs its vil)ratory motions, being in an 
electro- posit ive^'ondil ion whilst travelling in one direction, 
and in an electro-negative condition wliilst travelling in the 
other, lly these means a pulsatory current permeates the 
pile from the negative to the positive pole, the fluid being 
transported through the air, from the latter to the former by 
means of the pendulous body.* 

lOS. Besides the pendulous motions already alluded to, 
the dry electric column is productive of physiological and che- 
mical plienomena, will emit sparks and charge coated glass 
and other inferior conductors, as decidedly as charges are 
produced by the machine : all of which are so perfectly dis- 
tinct from, so decidedly foreign to, any known capabilities of 
the magnet, that there is not to be found one solitary trace of 
analogy in the performance of the two kinds of apparatus. 
The attractions and repulsions are the only phenomena in 
which there is a shadow of resemblance, w^hilst in reality 
even this faint analogy has obviously no special existence. 
The delicate electric forces which alternate the conditions of, 
and g^’e vibratory motions to, the pendulous body, find no 
similarity of action in the majestic attractive forces of the 
magnet, which select those of their own species only ; whose 
coeval polar affinities mutually exalt the action^ and constrain 
the attracted body to assume a determinate polar condition, 
and prevent its escape from the vigorous influence of the 
pole to which it is first attached. Hence as no vacillancy in 
the magnetic condition of the attracted body is produced, the 
grand essential to vibratory motion has no existence in mag- 
netics : nor can any such locomotions, as those exhibited by 

t 

* As this discussion requires experimental facts rather than 
theoretical opinibns, 1 have not, in tnis place, entered on the doc- 
trine of the ary electric column. It is possible 1 may liave occasion 
at some other time, to enter fully into the philosophy of this interest- 
ing apparatus. 
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the electric column, be produced by any known self-acting 
powf rs of the magnet. 

1C9. If we are t<^look for the supposed identity of electri- 
city and magnetism amongst electro-magnetic phenomena, 
we are still ''as far from arriving at satisfactory conclusions as 
in any other branch of the science. It is true, we here find 
some of the most striking* and interesting affinities which 
electricity and magnetism have hitherto developed ; affinities 
which will ever link these sciences together in the firmest 
bonds of physical union, though by no means identifying the 
elements by which the phenomena are produced. Each ele- 
mental agent plays its own part in the production of electro- 
magnetic phenomena as decidedly as in those of magnetic 
electricity, whose diSplay is accomplished by the reciprocal 
excitement. 

110. From the attractions and repulsions exhibited by 
wires carrying electric currents, M. Ampere was led to imagine 
that all magnets owe their influence to an unremitting circu- 
lation of the electric fluid; an hypothesis so exceedingly 
ingenious, and so eminently calculated to favour the expecta- 
tions of some philosophers, that there can be no astonishment 
excited by its gaining proselytes amongst those whose minds 
were already predisposed for its reception. But, notwith- 
standing the respect which is due to the talents of those 
philosophers who have favoured Ampere’s views on this topic, 
I must candidly confess that the hypothesis has always 
appeared to me to be much easier to acknowledge than to 
understand. In the present investigation I have considered 
experimental facts as the only data on which I can proceed 
with any chance of success of arriving at a close approximation 
to true theoretical inferences'. I have, therefore, neither 
ventured an opinion of my own, nor permitted the views of 
others to influence the inquiry. 

111. The imaginary electric currents to which Ampere 
refers all magnetic action, lead us I o enquire into the character 
and situation of their source, and by what means they can be 
supposed to be perpetually and equably maintained, either 
on the surface, or within the body, of a steel bar. Here it is 
that we are led to enumerate and examine all the known 
artificial sources of electric excitement, and endeavour to 
trace their influence to the operations of permanent steel 
magnets. Independently of magnetic excitation, we know 
of only three sources of electric currents, viz. frictional, voltaic, 
and thermal: for besides these four, there are no other sources 
known hence if a bar of steel which exhibits permanent 

* The dry electric column is here omitted. 
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magnetism has that power conferred upon it by the influence 
of electric currents, which must necessarily be as durable as 
the magnetic action itself, to which of these sources are we to 
look for the supposed actuating current!? Or are there other 
sources of electric currents of which we are yet entirely 
ignorant ? But, from whatever source those imaginary cur- 
rents may be supposed to proceed, that source must necessarily 
be situated either on the surface, or within the body, of the 
steel. The idea of electric currents being excited hj friction 
amongst the particles of the solid metal, is too absurd to be 
entertained for a moment: and the conditions necessarily 
required for the production of voltaic currents, are no where 
to be found in the steel : hence our enquiries are necessarily 
limited to thermal excitation alone. • 

1 1 2. That thermo-electric currents are producible in every 
piece of metal, whether pure or compound, is a fact w^hich I 
have proved by very extensive experiments, some years ago.* 
But it must be understood that to produce an electric current 
by any means whatever, requires a co-existent motion in some 
of the elements employed during the whole time the current 
is flowing : unless it be of a momentary duration only, and 
the effect of an impulse, in which case the current may con- 
tinue to flow for a short time subsequently to the terminal 
exciting impulse. When a current is produced by an electric 
machine, the glass cylinder, or plate, as the case may be, is 
necessarily kept in motion. When a voltaic combination is 
the electric source, the liberated elements of the liquid in the 
battery are put into motion and become vehicles for the trans- 
portation of the electric fluid to and from the solid parts of 
the arrangement: arid a thermo-electric current depends upon 
the motioikof the calorific matter: for when that element is 
perf(»ctfy at rest in the combination, the electric current ceases 
to flow. 

113. From the above considerations it apjiears, that a 
perpetual propagation, of thermo- electric currents on the sur- 
face, or within the body, of a steel magnet would require a 
perpetual motion of caloric within its mass: which motion, 
unless the production of some hidden, mysterious, and unsus- 
pected agent within the steel, would require as continual an 
influx and efflux of the calorific element from and to the sur- 
rounding medium. Moreover, the laws of electro-magnetism 
require that the- direction* of the electric currents* should be 
at right angles to the axis of the steel bar ; and the ingenious 
author of the hypothesis has ventured to assert that their 
route is in that direction, in a series of parallel spirals round 

* Philosophical Magazine and Annals of Philosopliy, vol.x.p. 1. 
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its surface.* Such, then, are the necessary conditions upon 
whiqji Ampere’s hypothesis essentially depends ; and being 
now, probably for thn^irst time, disrobed of their mysterious 
habiliments, I must necessarily resign the glory of their dU~ 
covery to those philosophers who still entertain the idea of 
their existence in the steel, and who may possibly be enabled 
to penetrate the subject still deeper than I have investigated 
it. But before 1 quit this important topic, 1 will mention a 
few more facts, which to me, have appeared of some conse- 
quence, and can hardly fail to be interesting to others who 
may be induced to pursue the enquiry. 

114. If the temperature of one extremity of a steel bar be 
elevated, and, by that process, electric currents become excited, 
those currents would ‘necessarily be more powerful than any 
which can be supposed to exist in the metal at its natural 
temperature : and if the other extremity of the steel were to 
be heated, and again 1 hermo-electric currents be produced in 
it, these latter currents would be propagated in the opposite 
direction to the former, and consequently the magnetic forces 
which they brought into play would be exerted in the reverse 
order to those which the first currents excited: and these 
artificially excited eleclro-magnetic forces being more powerful 
than any which the natural electric currents could 

produce, they would predominate over these latter, and give 
new energies to the bar, reversing its poles in accordance with 
the directions of the currents, liut on making the experi- 
ments, and carefjilly examining the phenomena, I find that 
no such corresponding changes have taken place in the polar 
forces of the magnet : and, although the poles themselves are 
considerably molested during the unequal temperature of the 
extremities and other parts of the magnet, and removed 
from their original positions by the heating process, lh%y do 
not assume those positions and variations of force which the 
thermo-electric current would necessarily give to them, were 
they governed by no other influence if hence I infer, that 

* Annales fie Chiruie et de Physique, t. xv.: and Ampere’s 
Recueil des Observations Electrodynamiques. 

+ At the time this memoir was first drawn up, only a few ex- 
periments had been made on this part of tlie enquiry, the gelferal 
results being such as are described in the text. But, whilst writing 
a fair copy for the press, I was led to* reconsider this part of the 
suiyect, and it occurred to me, that 6y pursuine'tlie experiments, 
some results might probably appear wdiich would-be interesting in 
the theory of terrestrial magnetism. J, therefore, resumed the 
enquiry and have been led to some novel facts which, to me, have 
appeared exceedingly important, by throwing a new* light on the 
acfion of caloric on magnetism. They will be explained in the 
Third Memoir. 
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thermo-electric currents do not constitute the sustaining 
power of the magnet. , 

115. I next subjected a steel bar mamet to the influence 
of electric currents proceeding from a TOltaic pair of copper 
and zinc. The voltaic combination was of the •cylindrical 
shape and size, which, as is well known, I have long employed 
for electro-magnetic purposes, the zinc being surrounded with 
brown paper or calico, to prevent contact with the inside of 
the copper ; and the whole placed in a pint porcelain jar, the 
exciting liquid being a solution of nitrous acid in w^ater. The 
magnet which I employed was of hard-cast steel ; — cylindrical, 
and about 0 inches long, and | of an inch in diameter. It 
was well polished on an emery wheel, and of considerable 
power. It would lift, by one of its pole?, a piece of soft iron 
of its own weight. A piece of soft iron of precisely the same 
figure and dimensions as the magnet, w^as also provided. A 
single helix of copper wire. No. 13, of the same length as the 
magnet, was formed on a hollow pasteboard cylinder, of suf- 
ficient width for the easy introduction of the magnet or iron. 
With these preparations, and a compass-needle furnished with 
an agate cap, and sui)ported by a fine steel point, the experi- 
ments were carried on in the following manner. 

116. When the meridian line of the compass-box had 
been adjusted parallel to the needle at rest, the helix was 
placed on the eastern side of its pivot, wdth its axis in the 
same horizontal plane as, and at right angles to, the axis of the 
needle; the nearest extremity being 12 inches/rom the needle’s 
pivot. Fig. 9, Plate II, is a rei)resentation of the arrange- 
ment, where C is the compass-box, H the helix, and B the 
battery. Before the battery connexions weije made with the 
helix, the iifagnet was introduced to the interior of the latter 
with its marked end nearest to the needle, consequently at 12 
inches diLtdiit from its pivot. The south end of the needle 
was drawn towards the magnet a certain number of degrees, 
and this deflection being noted, the magnet was taken out of 
the helix, and replaced again with its poles in the reverse 
order, by which means the north end of the needle was drawn 
towards the magnet, which deflection was also noted. The 
magnet’s action on the needle being thus ascertained, the 
electrical force of the battery was laid on, whilst the magnet 
was in the helix ; and when the deflection arising from this 
combined force had been ascertained, the battery connexions 
were reversed, and consequently the directi(gi of the current 
in the helix was reversed also. This last direction of the 
current gave a new deflection of the needle, which, after 
being ascertained, was also noted down. 'I’his done, the 
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magnet was reversed in the helix ; and when the deflections 
of me needle arising from the current traversing the helix in 
each direction respectively had been ascertained^ the electric 
current was finally cut off, and the deflecting power of the 
magnet alone again ascertained in the same manner as at 
first. 

117. The bar of soft iron was next placed in the helix, 
and the electric current again laid on ; and when the deflection 
arising from the polar force of the iron, by the first direction 
of the current, had been ascertained, the battery connexions 
were reversed, and with them, of cc^irse, the polarity of the 
iron was reversed also. The new deflection was noted down, 
and the iron finally removed from the helix. The deflecting 
power of the current alone, when no iron nor magnet was in 
the helix, was also ascertained at different times during these 
experiments ; two sets of which were made with two different 
batteries — the former by an old battery, and the latter by a 
new one. The results, with all the necessary particulars, are 
arranged in the following tables : — 

First Series of Experiments. 


Deflections vnth the magnet in the helix ^ with and without 
the electric current from the old battery : and magnet 
retouched. 


With or without i 
the curreut. 1 

Murhed or unmarki’d ono 
of tho magnet nearest 
^ to the neudle. 

Nortii or SmiLh end of the 
needle drawn towards 
the magnet. 

Deflections 

Without . . . 

Marked 

South 

15“ 

I 

Ditto 

Unmarked 

North 

1C“ 

2 

With . . . . 

" Marked 

South 

mm 

a 

Current reversed 

ditto 

ditto 

mm 

4 

• 

With . . . . 

Unmarked 

North 

18" 

5 

Carrent roversod 

ditto 

ditto 

9“ 

6 

Magnet alone . . 

Unmarked 

North 

ir 

7 

Ditto 

ditto 

ditto 

12" 

8 


118. The electro-magnetic force in the helix alone, by this 
battery, produced no perceptible deflection of the needle : but 
when the soft iron was placed in the helix, the mean of seve- 
ral deflections, with the currents ip different directions, was 
17°. 

119. By taking the mean of the deflections 3 and 5 in the 
table, which are those obtained whilst the electro-magnetic 
action of the current conspired with that of the magnet, and 
comparing that mean (17‘5°) with the mean of the deflections 
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with the soft iron fl7°), we find that they are nearly to the 
same extent. And by comparing these again with deflect jpns 
1 and which are due to the magnet alone, we discover that 
a current which is incapable of exalting the original deflect- 
ing power of the magnet 2"^, is yet capable of ralfeing a de- 
flecting power in soft iron, equal to the whole of that exhibited 
l)y the magnet, even when aided by the influence of the cur- 
rent. We discover also, by deflections 4 and 6, that the same 
current, when exerted in opposition to the energies of the 
magnet, is incapable of counteracting more than one-half the 
deflecting power of the latter. And we learn, by comparing 
deflections 7 and 8, Avhich are those due to the magnet after 
being subjected to the reverse electro-magnetic action of the 
current, with deflections 1 and 2, that tlie same electric cur- 
rent, whic h excited so great a power in soft iron, was inca- 
pable of reducing the permanent action of the magnet more 
than one-flfth of that whicli it originally exhibited. 

Second Series of Experiments. 


Deflections with the magnet in the helu\ with and 
without the electric current, with the new battery ; and 
magnet retouched. 


With or without 
the ciirroiit 

Without , . 
Ditto . . . 

Marked or unmarked end 
, of the msigiiPl nearosl 

1 the noodle. 

North or South ond of ihu 
needle draiMi towards 
the ma(*net 

Deflections 

' IMarked 

Unmarlvcd 

South 

North • 

20" 

19’ 

1 

2 

W'itli current . 

Marked 

South 

25“ 

3 

Ditto reverned. 

ditto 

North 

• 

r 

4 

Miif^uet alqpe 

Ditto 

South 

IV 

5 

Ditto •. . , 

Unmarked 

North 


6 


Magnet re-magnetized. 


Without . . . 

Marked 

South 

. 21* 

7 

Ditto . . . . 

Unmarked 

North 

2V 

8 

With curreut . . 

Unriiarked 

Ditto 

27* 

9 

Ditto reversed. . 

Ditto 

South 

2” 

10 

Magnet alone . . 

1 Ditto 

North 

8’ 

11 

Ditto . . . . 

Marked 

• 

South 

10- 

12 


With this battery the soft iron gave a deflection of 18®; 
and the current alone, without either magnet or iron in the 
helix, about T. * 

1^0. In thiij second series of experiments there is displayed 
a manifest superiority of electro-magnetic action over that 
VoL. IV. -No. 19, July, 1839. D 
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shown by the old battery; but although deflections 4 and 10, 
shqw that the electro-magnetic action completely counter- 
balanced the deflecting force of the steel magnet, deflections 
5, 6, 11, and 1*2, as obviously demonstrate that the original 
magnetic power was very far from being annihilated, and that, 
notwithstanding the vigorous electric current to which the bar 
had been subjected, the latter retained about one half of its 
original power, which that current was unable to subdue. 
Indeed it appears from both series of experiments that a 
great portion of the electro-magnetism of the helix operates 
merely on the duposable part of the magnet’s force, and 
diverts it from its original direction, in the same manner as 
soft iron, or other magnets would do ; and the electro-mag- 
netic force thus engaged, is prevented from assisting the other 
portion in conferring permanent effects on the steel. W hen 
the constraining electro-magnetic force is removed, the liber- 
ated disposable force of the magnet with which the former 
had been engaged, again resumes its original direction, and 
gives the needle a new deflection, in the name direction ^ 
though not to the same extent as at first (Deflections 5, 6, 
11 , 12 .). 

121. I am not aware that any one would venture to assert 
that electric currents, more powerful than those employed in 
these experiments, still existed in the steel: and if not, to 
what cause are we to allude the retained magnetic force? 
I'here must be some agent in operation which still sustains 
the polar action, and resists the energies of the assailing 
electric current. That agent cannot be electricity, or it would 
have be m subdued by the couiiterjiction of a superior electric 
force; it must, therefore, be admitted, that some other phy- 
sical agent, perfectly distinct from the electric, fu-esides over 
the polar forces of the steel magnet. 

122. I am well aware that, had the clectro-magnetic force 
of the current been more powerful, the magnetic forces of the 
steel would have suffered to a greater extent; and it is possible 
that an electro-magnetic force might be employed of sufficient 
extent to completely annihilate the original polarity of the 
steel, or even reverse its polar action; but 1 should wish it to 
be understood, that to accomplish such an eflect, the electric 
current employed must be very powerful indeed : and whatever 
extent of polarity might be exhibited by the steel after the 
removal of the exciting electro-magnetic force, the retention 
of that polarity could not be supposed to depend upon that 
absent exciter, any more than the polarity of this, or any 
other piece of steel, could be supposed to be sqstained by the 
absent magnet which first excited it: and our present know- 
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ledge of electro-dynamics does not permit us to indulge in the 
idea that any sustaining electric currents remain in the stdel. 

123. We have seen by the preceding experiments, that 
the power of the magnet was considerably lesseyied by the 
action of the electro-magnetic force in the helix; but it must 
be observed that the latter force had no sustaining power to 
contend with, excepting that exercised by the retention of 
the steel: but if the magnet be placed under the influence of 
a sustaining magnetic force during the time it is assailed by 
the electro-magnetism of the helix, it will be found that the 
latter is too impotent to make any other than a very slight 
permanent impression on the original power of the steel mag- 
net; and, under some circumstances, noUthe slightest impres- 
sion is accomplished. To prove this fact, I place the marked 
end of a magnetic bar, seventeen inches long, in contact with 
the unmarked end of the six inch cylindrical magnet whilst 
placed in the helix, the marked end of the latter being nearest 
tojhe needle, as represented by fig. 10, Plate II. I now trans- 
mit the electric current through the helix, in a direction which 
tends to neutralize the magnetism of the inclosed bar. The 
current is continued for more than a minute, after which it is 
removed, and as speedily as possible, the long sustaining mag- 
net is removed also. This done, the deflecting power of the 
cylindric magnet is again ascertained. The following table 
shows the results. 

Third Series of Experimei^ts. 

Deflections with the magnet in the helix^ with or vdthout 
the electric current^ from a new battery. 


• 

With A- without the 
4;lectrii: currout. 

Marked ur uiiniarkcd pole 
of tlie nuiKiiet neartsst to 
till* needle 

ti or S. end of the 
needle attracted. 

DeflectioQt 

Without the current 

Unmarked 

North . 

29^ 

Ditto 

Marked 

South 

31* 

Ditto 

Ditto ^ 

sustaining mag- \ 
net attached, 3 

Ditto 

65. ' 

1 


With the current 1 




tending to neiitr:'lize > 

Ditto 

Ditto 

59* 

the magnet . . . ) 

• 



Current and sustain-' i 

Marked 

Ditto 

20* 

ing magnet removed ) 

Unmarked 

North 

24“ 


124. I next place the cylindrical magnet under the influence 
of two sustaining magnetic bars, each 17 inches long; sub- 
mitting it, at the same time, to the action of an electric cur- 

D2 
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rent, tending to neutralize it. The arrangement is repre- 
sented by fig. 11, and the results were as follows : — 

Fourth Series of Experlments. 

r 

Menu deflection of 
both |jok'M of the 
Neodle. 

Before the magnet was subjected to the action 

of the current ...... 30“ 

After the magnet had been subjected to a cur- 
rent tending to neutralize it . . . 31* 

125. When under the sustaining force of two magnets, we 
find that the electric current makes no impression on the 
small magnet on w'hihh it operated. The trifling power which 
the magnet gained during the experiment, was obviously due 
to the influence of the bars between which it was placed. The 
additional power given to the intervening magnet, by this 
means is, however, but very small, never amounting to more 
than 2^^ of deflection, as I have ascertained by several exple- 
riments, by permitting the cylindrical magnet to remain be- 
tween the poles of the two large ones, as in fig. II, for two 
minutes in each experiment ; which is a much longer time 
than it remained under the same influence after the removal 
of the electric current in the preceding experiments. Hence, 
since a sustaining magnetic force may be employed to any re- 
quired extent, the obvious inference is this. Ao electric 
cur?*ent, howere;^ powerful^ is capable of impairing the 
poivers of a hard steel magnet ^ whilst the latter is vnder the 
protecting infuence of a proper purely magnetic force, 

120. Having^ ascertained that the siuslaiiiing magnetic 
force does not operate as an exciting power (125;5‘ Inwas led 
to suppose that the power of the protected magnet is' sus- 
tained by the mutual attractions of its own disposable forces 
ri05, note) and those of the sustaining magnets : the north 
and south polar forces engaging with each other too intimately 
to be disunited by the assailing electro-magnetism in the 
helix, 'rhis view of the nature of the action led me to try 
soft iron as a means of sustaining the power of the magnet, 
whilst the latter was subjected to the action of an electric 
current, considering that a portion of the disposable force of 
the magnet would be employed by^ the iron, and thus be pro- 
tected from the assailing electro-magnetic force ; but it was 
found by the experiments about to be described, that soft 
iron affords no protection whatever to the magnet when 
assailed by a converse electro-magnetic force .% but on the 
contrary, the iron facilitates the subduction of the original 
powers of the steel magnet. 
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127. The experiments were made by placing the cylin- 
di'ical magnet in the helix, and ascertaining its deflecting 
power on the needle at the original distance of 12 inches. 
Then placing in contact with its remote pole a cylindrical bar 
of soft iron, 0 inches long and about an inch in diajneter. An 
additional deflecting force is thus given to the magnet, which 
tleflectioii is also noted down. AiAOther bar of soft iron, 3^ 
inches long, and about the same thickness as the former, was 
next placed in contact with that pole of the magnet nearest to 
the needle, and the new deflection thus given to the needle 
also noted down. 'J'his done, the electric cun’ent from a new 
battery was transmitted through the helix, whose magnetic 
powers were opposed to the powers of the enclosed magnet. 
The followdng table shows the results : — » 

Fifth Series of Experiments. 


Deflections leith the magnet in the helir, loith attd v ith- 
out the soft iron and electric current fioni a new battery. 


W'lth or without the soft iron 
and clertric current 

1 Marked or uii- 
jiiiarked odd near* 

! est to the needle 

N. or S. end 

of needle DeflecUons. 

HtinicU'd 

Without current or iron . . . . 

1 Marked. 

South 30* 

1 

Wifli the larger piece of iron . . 

1 ditto 

I 

ditto 42“ 

2 

With both pieces of iron , , . . 

j ditto 

ditto ) t>5* 

3 

Do. with a converse eU-rtric current 

ditto 

North 140"' then l9* 

4 

Ciirreiit cut oil*, hut iron remaining 

i ditto 

South % 

5 

Magnet alone 

ditto 

ditto 10* 

-« — 

1 f) 


•Tlie principal circumstances to be noticed, in these 
experiments, arc the singular changes of polarity by the soft 
iron, and the final suhduction of a great portion of the force 
of the magnet. Ky deflection 4 we see a tniifspositnm of 
polarity by the action of the current. The new deflection 
thus given to the nee<lle at first rose to 40", but gradually sank 
down to 19 ', where it remained permanent for some lime. 
This reduction of the deflection was, of course, dependent on 
a reduction of polar energy in the nearest piece ot iron : and 
as the polarity of the iron depended on the polar condition of 
the magnet, we learn tha*l |he transient transposition of its 
polarity is accomplished to the greatest extent, immediately 
after the current has got into full play, and that it gradually 
subsides for about one minute afterw'ards, at which time it has 
arrived at its minimum. These versatilities in the polar action 
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of the magnet are observable in all cases when it is subjected 
to a converse electro-magnetic action^ whether there be any 
iron attached to its poles or not, though without iron they arc 
not so great as when that metal is present. I'hey are exceed- 
ingly curious, and are involved in a theoretical principle, 
which it is not necessary to enter into at present. By com- 
paring deflections 1 and 6 we find that the magnet has lost a 
considerable portion of its power, which portion is greater by 
6® or 8® than that usually lost when no iron is present, all other 
circumstances being the same ; which shows that the attach- 
ment of the iron to its poles facilitates the subduction of the 
original powers of the magnet. See also the first and second 
series of experiments. 

129. I had next recourse to the reverse process of that 
which was pursued in the last experiment. I placed the soft 
iron cylinder in the helix, and attached one pole of the cylin- 
drical steel magnet to that extremity of it which was nearest 
to the needle ,* and whilst thus arranged, an electric current 
was transmitted through the helix. The distance between 
the pivot of the needle and nearest pole of the magnet was 12 
inches. The following results were obtained : — 

Sixth Series of Experiments. 

Deflections. 

Magnet alone, prior to being-placed in the 

arrangement .... 38® 

Magnet attached to the iron bar, the latter 
being under the influence of the current . 45® 

Magnet aJhne, after the iron and current were 
removed ..... 38® 

The magnetism of the soft iron left no addition^ permanent 
power on the steel magnet. • 

130. Having ascertained that an electric current is 
capable of subduing a considerable portion of the original 
power of an unprotected steel magnet (119, 120), it became 
an enquiry of some interest to ascertain whether or not the 
same current, with the magnet reversed in the helix, was capa- 
ble of restoring the power which it had previously subdued. 
For this purpose, the cylindrical steel magnet was retouched ; 
and after its deflecting power, at the distance of eight inches, 
had been ascertained, it was subjected to the action of an 
electric current from a perfectly new battery, whose copper 
exposed about a square foot of surface, with a proportionate 
rolled zinc cylinder inside. The battery was made’ exceed- 
ingly active by a solution of nitro-sulphuric acid. The 
foUowing table shows the results. 
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Seventh Series of Experiments. 

Magnet alone, previous to its exposure to the current 39® 
Ditto after being exposed.to a converse current 21® 

Ditto after being exposed to a direct current 25® 

Ditto after a second exposure to ditto . . 26" 

Ditto after several other exposures to ditto . 26® 

131. From this series of experiments, we learn that the 
active electric current here employed was incapable of re- 
storing 5 of that portion of the deflecting force, of a newly 
magnetized hard steel bar, which it was previously enabled to 
subdue, although as powerful during the one process as during 
the other. This exceedingly curious fact I have found in the 
results of several other experiments, and with batteries of 
different powers. But the same law does not hold good, un- 
less the magnet has been magnetized to a high degree pre- 
viously to its being subjected to the electric currents ; nor, 
perhaps, will it be found generally exact, even under these 
circumstances, although I have not met with any results in 
direct contradiction to it. And all hough the ratio of the 
subdued and restored force may vary, I have cause to believe 
that in no case will the restored force be more than one-half 
of that which had been subdued by the same current, when 
the magnet employed is hard cast steel, and not below the 
dimensions of that wliich I have described (1 15) : and the 
voltaic plates of proportional magnitude. 

132. Another interesting fact presentecbitself by neutral- 
izing the cylindrical steel l)ar, and afterw^ards'*magnetizing it 
by the electro-magnetic action in the helix, whilst the latter 
was transmitting a copious and active currerrt from the battery 
last do«crft)od (129), furnished with a new zinc. The deflect- 
ing powder which the steel acquires, by this process, is about 
one-half of that which it exhibits by means of ordinary mag- 
netic excitation. I have doubled and trebled the coil in the 
helix, but in no case has tlie magnetic power of the steel in- 
creased above that I have just mentioned. The facts developed 
by these experiments, are partly attributable to the magnetic 
force receiving different forms of distribution by the magnetic 
and electric processes of excitement ; though principally from 
an absolute incapacity in the latter of bringing forth those in- 
tense magnetic .forces which hard steel is susceptible of dis- 
playing. U'here seems, indeed, to be a vigorous tension in 
the magnetism’ of hard steel, which that of electric currents 
cannot compete with in vanquishing those formidable resist- 
ing forces presented by hard ferruginous bodies, whilst under- 
going the magnetizing process. Even the magnetism of soft 
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iron, when brought into play by electric currents, though 
much more abundant in quantity, is of far lower tension than 
that of hard steel. This curious fact maybe shown by experi- 
ments with two horse-shoe magnets ; one of which shall be 
soft iron, biought into play by electric currents, and the other 
a permanent one of hard steel. When the cross pieces of 
both magnets are of soft iron, the iron magnet ill have the 
greatest lifting power ; but when both cross pieces are of hard 
steel, the steel magnet will have the greatest : and this is the 
case even when the power of the iron magnet (with soft iron 
cross pieces) exceeds the other to a considerable extent. 

133. There is a remarkable phenomenon observed \idiilst 
magnetizing hard steel by electric currents. The deflecting 
power of the steel is much greater whilst under (he donjini(;n 
of the current than after the latter is cut off Now, as the 
helix alone exhibits no action on the needle (1 18, 1 19), the 
experiment shows that there is a temporary disposable force 
excited even in hard steel, which that meial does not exhibit 
when the exciting cause is removed. 'I'his fact probably 
arises from a new distribution, rather than from an absolute 
loss of the niagnelisin first cxciled by the current. 

134. Having ascertained that the existence of electric 
currents is nowhere to be found in permanent steel magnets, 
(114) and also demonstrated ihe inadequacy of electric ex- 
citement to the production of that extent of magnetic energy 
ill hard steel, which is susceptible of development by the 
ordinary process of magnetization fid I ), it may now be in- 
teresting to inquire how far the doctrine of systems of elec- 
tric currents is susceptible of application in explaining the 
phenomena exhibited by permanent steel magnets. 

135. Let N and N', fig. 12. represent transverse sections 
of two cylindrical systems of electric currents, both of which 
are flowing in the same direction, as represented by the arrows: 
and let these cylinders be prolonged parallel to each other to 
any required distance behind the paper. Now, because of 
the electric currents on the adjacent sides of these cylinders 
running in opposite directions, in every pair of parallel sec- 
tions, similar to those represented on the paper, those cylinders 
will exhibit a repulsion for each other throughout their whole 
length, or from end to end, according to the principles of 
electro-niagnelisni. Let, now, thg remote extremity of the 
cylinder N' be turned towards the spectator, permitting the 
cylinder N to remain unmolested. Under these circumstances, 
the same extremities N, and N', of the two cylinders whose 
adjacent currents, in the former case, flowed in opposite 
directions^ will now flow in the same direction^ as may be 
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iinderslood by looking at fig. 13: and consequently those 
extreniilies will attract each other. Again, let the arrows in 
fig. 14 represent the directions of two cylindrical systems of 
electric currents placed at right angles to each other, as C 
and C'. 'J'he adjacent portions of these currentsiiow in the 
2 ^ame direction, and consequently will attract each other. 
Now place the electro-magnetic system C' in either of the 
positions represenled by llg. 15, and it is seen that the 
adjacent currents in C and ('' now flow in oppoaite directions, 
and will consequently repel each other. ^ 

13G. From the above illustrations we learn that the ex- 
tremities of two systems of electric currents will either attract 
or repel each other, according to the positions in which they 
are placed, and that they do not exhibit ^ny specific polarity 
ill the manner of ferruginous magnets, whose attractions and 
repulsions have no dependence whatever upon the jiositious 
in which their extreniilies are placed with respect to each 
other, but are invariably referrible to their specific polar 
character, 'i here is, indeed, a striking distinction in the 
distribution of the magnetic force of steel bars, and that 
exhiliited by electric conducting wires, whether the latter be 
in a simple strand, or coiled into any particular fashion. A 
condueting w ire formed into a hollow helix displays but very 
little polarity exteriorly, in the direction of its axis (118, 119,), 
because of the inner and outer sides of the coil exerting their 
magnetic forces in opposite directions : but with hollow steel 
magnets, the polar forces of each iiidividual^extremity con- 
spire with each other, and operate in concert upon vicinal 
ferruginous matter, whether previously polarized or otherwise; 
and in precisely the same manner as such matter is operated 
on by .yo//rf*magnets. Hence it is, that a polarized needle, 
or small t)ar, freely suspended, with its centre in the equatorial 
plane of a hollow steel magnet, w hether inside or outside of 
the tube, will invariably assume one and the same direction : 
w hereas a siuiilarly suspended needle, with reference to, and 
under the influence of, a hollow system of electric currents, 
would assume ofie direction when within y and opposite 
direction when without^ the system : and as this peculiarity 
of magnetic arrengement would attend every system of electric 
currents that can possibly be formed, it is just to infer that 
the distribution of force -displaj ed by steel magnets, or by 
loadstone, cannofbe imitated by any system of electric cur- 
rents whatever : • and vice i^ersdy the exquisitely uniform 
arrangements of enveloping magnetic action, so beautifully 
displayed around electric currents, appear to be totally 
inimitable by any known forms of ferruginous magnetic 
bodies. 



53 Mr, Joule^ on the use of iron wire mdgnets • 

137. It would be an almost endless task to examine every 
fact that might be brought to bear, directly, or indirectly, on 
the subject of this investigation. I have not dwelt on electro- 
magnetism to the extent 1 would have done, had my theoreti- 
cal views on that department of electricity not been already 
before the public, although 1 have cited those electro- mag- 
netic phenomena which appear to be the most important in the 
present discussion. In other departments of electricity I 
have enumerated such facts as have appeared necessary to 
collate with purely ^nagnetic phenomena ; and having dis- 
cussed them individually as i have proceeded, a retrospection 
would be needless in this place. The inference to be drawn 
from the investigation of the facts alone, appears to me to 
admit neither of d6ubt nor equivocation ; and may be thus 
briefly stated : There are no facts on record which demon- 
strate an identity in electricity and magnetism ; hnt^ on the 
contrary^ there are many phenomena which justify the idea 
of their being perfectly distinct potcers of nature. 


IV. On the use of Electro-magnets made of iron wire for 

the Electro^magnetic engine. By J. I^, Joule, 15sq. 

Communicated in a letter to the Editor. 

Salford, March 27, 1839. 

Dear Sir, , 

In my last letter I gave you an account of some experiments 
which were intended to prove that electro-magnets made of 
iron wire are th^inost suitable for the electro-magnetic engine. 
In those experiments round wire was used, — an^l it was my 
opinion, that the wire magnets were put in a disadvantageous 
position, in consequence of the interstices between 4he wires. 
I have since confirmed my views on this subject by the fol- 
lowing experiment : 

I constructed two magnets. The first consisted of 16 
pieces of square iron wire, each inch thick, and 7 inches 
long, bound very tightly together so as to form a solid mass, 
whose transverse section was tt inch square; it was then 
enveloped by a ribbon of cotton and wound with 16 feet of 
covered copper wire, of tV inch ^diameter. The second was 
made of solid iron, and was in every other respect precisely 
like the first. Ihese magnets were fitted* to the apparatus 
used in my former experiments, and care was taken to make 
the friction of the pivots equal in each. The njean of several 
experiments gave 162 revolutions per minute for the first, 
and 130 for the second magnet. 
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In the further prosecution of my enquiries, 1 took 6 pieces 
of round iron of different diameters and lengths, and 1 piece 
of hollow round iron, of an inch thick ; these were bent 
into the U form, so that the shortest distance between the 
poles of each, was half an inch ; each was then HK)und (with 
the usual precautions to ensure insulation), with 10 feet of 
covered copper wire, ^ „ inch in diameter. The lengths and 
diameters are given in the table. No. 1 is the hollow magnet. 
The attraction was ascertained by suspending a straight steel 
magnet, inch i!i length, horizontally to the beam of a ba- 
lance, and bringing the several magnets directly underneath 
at the distance of half an inch, which was preserved by the 
interposition of a piece of wood. Care was taken that the 
battery remained constant during the e?^)eriment. 



No. I. 

No. i. 

No. 3. 

No. 4. 

No. 5 . : 

No. 6. 

No. 7. 

I.ength ill 
imhfa. 

] G 

'4 

2*. 

51 

2^ 

51 

2| 

T)ia*nip<»‘r in 

1 1 

1 

1 

S 


i 

1 

inclipa. 

s ^ 

i 

3 

h 

8 

* 

4 
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A steel magnet of such dimensions as enabled me to com- 
pare it fairly with the rest, excited in the same circumstances 
an attractive powder equal to 23 grains, while^at the same time 
its lifting power was only GO oz. 

These results will not appear surprising if we consider, first, 
the resistance which iron presents to the induction of mag- 
netism : and, secondly, how' very much the power of iron to 
conduct magnetism is exalted solely by the completion of the 
ferruginous circuit. In order, however, to explain why the 
long electro-magnets have a greater attracting pow'er, and lift 
/m* wreight, than the short magnets of the same diameter, it 
will be necessary to observe that it was impossible to wrap the 
whole 10 feet of wire on the smaller magnets, without dis- 
posing it in two or even three layers (according % the size of 
the magnets) : this is a great disadvantage, and one might 
anticipate in consequence that the power of the long magnets 
should be greater than that of the short for lifting as well as 
for attraction^ Contrary to* the results in the table ; this, how- 
ever, may be explained, if we admit that the comparative 
resistance of the iron of the electro- magnet increases to a very 
great amount, when its magnetism is so greatly excited by the 
contact of Ihe armature. 
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Nothing can be more striking than the difference of the 
ratios of lifting to attractive power, in different magnets; 
whilst the steel magnet attracts with the force of 23 grains 
and lifts CO oz., No. 3 attracts 5*1 grains and lifts 92 nz. 

Here are<^some very general directions for making electro- 
magnets for lifting. 1st. The magnet, if of considerable 
bulk, should be compound; and the iron used, of good quality 
and well annealed. 2d. The bulk of the iron should bear a 
much greater ratio to its length than is generally the case. 
3d. The poles should be ground quite true, and fit flatly and 
accurately to the armature. 4th. The armature should be 
equal in thickness to the iron in the magnet. 

I shall now proceed to consider with greater care, what form 
of electro-magnet is best for distant attraction, as that is the 
only force of any use in the electro-magnetic engine. Here 
two things must be considered — the length of the iron, and 
its sectional area. 

Now with regard to the length of the iron, I have found 
that its increase is always accompanied with disadvantage, 
unless the wire is (by usitig a shorter length) forced to too 
great a distance from the iron. In making magnets for tlie 
engine it will be proper to use a length less than that which 
gives the maximum of attraction, on several accounts. 

The next thing to be considered is the sectional area. 
You have shown,* that on placing a hollow and solid 
cylinder of iron successively within the same electro-magnetic 
coil, the hollow piece exerted the greatest influence on the 
needle. I wished to ascertain whether a hollow magnet 
might be represented by a solid one whose sectional area and 
circumference is the same, and whose thickness is twice as 
great as that of the hollow magnet. Fig. 12 and l 3 Flate 1. 
will show more clearly what I mean : they represent sections 
of a hollow and a rectangular magnet, and it will be seen that 
if either of them is divided at the dotted lines, the separate 
pieces when put properly together, will make up the other. 
Two electro-magnets were constructed, each 7 inches long, 
and coveiecWwith 22 feet of covered copper wire inch in 
diameter; the sections were precisely similar, but double the 
size of those in the figures. Here is their actual attraction, 
at half an inch distance, for the proper pole of a straight 
steel magnet. 

Hollow magnets. Solid magoets. 

Attraction in grains .... 1*9 * 1*7 

With a more power- 
ful battery 45 4*0 

♦ See the very interesting researches at page 470, Vol. I. 
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It is evident from this that the hollow magnet has the 
greatest attractive force, but I do not think that the difference 
is so great as to counterbalance the many advantages which 
the solid magnet would give, if used in the engine. I shall 
therefore first relate a rather important experiment; and se- 
condly make an attempt to determine the sectional area of 
solid iron most proper for different powers of battery. 

I made five straight magnets of square iron wire j\ inch 
thick: each was 7 inches long and wound with 22 feet of 
covered copper wire ,-‘ 7 , inch in diameter. No. 1 consisted of 
9 ; No. 2 of IG; No. 3 of 25; No. 4 of 36; and No 5 of 49 
wires ; arranged in the form of a prism with square base and 
sections. Five other magnets were made of solid iron, but 
in every other respect exactly similar to the first. Here are 
the attracting powers (at half an inch) for a straight steel 
magnet, w ith three diflerent galvanic forces. 
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The wire used in these magnets w^as taken at the same de- 
gree of temper, as that in w^hich it came from the makers : it 
was in consequence not so well annealed- as the iron with 
w^hich it,w’a?j compa:ed. On this account the numbers oppo- 
site t(t the wire magnets are less than they would otherwise be ; 
still, however, the results in the table seem anomalous. First, 
it wdll be remarked that while the wire magnets are more 
powerful in the first numbers, they are less powerful in the 
last numbers, than the iron magnets. I cannot account for 
this unless by supposing, according to the hypothesis of Dr. 
Page, that the wires of which the magnets are composed repel 
one another’s magnetism in such a manner as to tend to neu- 
ti ali'/.e the general force of the electro magnet, and that this 
neutralising ellect increaSes^ with the number of w^ires used. 
Put the deficiency of No. 3 magnets in ex. 1. is most remark- 
able, and particularly as by increasing the power of the bat- 
tery the deficiency is reduced, and that at the same time the 
wire magnet l^ecomes less, though at first it was more, power- 
ful than the iron ir.agnet, compared with it. 
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In my next, I shall attempt to determine 'what sectional 
area is best for different electric forces. In the mean time, 

1 remain, dear sir, 

Yours most respectfully, 

J. P. JOULE. 

V. J^ote on illuminating Gas^ and particMlarly on the 
formation of Gas from loater by means of M. Selliques’s 
' apparatus ' By M. Grouvelle. (Extract.)* 

M. Selliques never said that water by passing over coke 
heated to redness, was transformed into carbonated hydrogen. 
It is well known tha^ it produces a mixture of oxide, carbon, 
and hydrogen, almost entirely pure. 

But M. Selliques charges this hydrogen with carbon by 
causing it to traverse a red-hot cylinder, when it meets with 
highly carbureted oils. It is a chemical combination and not 
a mixture which then takes place, as is proved by the analysis 
of the gas formed from water, by M, Peligot, Re])etiteur a 
I’Ecole Polytechnique ; viz. — 

Carbonated Hydrogen 57 J 

Oxide of Carbon 28 >100 

Free Hydrogen 153 

Hence the theoretical question of lighting is this : What 
process gives the most light with one kilog. of oil or any re- 
sinous substanc.e, resin, schist, or coal tar, &c. ? One kilog. 
of oil of schist or resin furnished, by Selliques’s apparatus, 70 
cubic feet English of burning gas, of which it requires 3 feet 
to supply a burner equal to 10 wax candles for one hour; 
which gives 23 hours^ light, • ^ 

But at Belleville, Antwerp, Frankfort, and where^^r gas 
is made on a large scale from oil of resin and a portion of 
pure resin, the mean product is from 15 to 17 feet per kilog. 
of oil, but in three or four days the product falls to 12 and 15 
feet. The insulated atteraps, with new retorts, may give as 
much as 24 or 25 feet : and M. Tailleberg has pronounced 
this production of 25 feet as a great discovery. Let us take 
this number : this gas burns 2| feet per hour to give the light 
of 10 wax candles ; this is (although nearly double the mean) 
the report furnished by the lighting of the City of Antwerp, 
in October, 1837, with gas from fesin at 12 feet to the kilog., 
and in October, 1838, with gas from water. We will only 
reckon upon 2J feet ; hence, 1 kilog. of oil gives at the maxi- 
mum 1 1 hours’ light, and admitting even 34 feet to the kilog,, 

♦ From the Coinptea Rendus, &c. No. 23, 1838. Translated by 
Mr. J. II. Lang. 
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as has been stated in a journal (and this quantity eannot per- 
haps be obtained without the addition of water), it would then 
be only 15 hours while we have obtained 23 from the gas 
made from water. 

liut the production of gas from water does nolf stop at 70 
feet per kilog. By increasing the proportion of water to oil 
in the apparatus, we vrcaheii the density of the gas, which ap- 
proaches lo^and even descends lower than, the density of the 
coal gas. In some experiments made on more than 1500 feet, 
observed for several consecutive hours and proved by a tedious 
process, 1 carried the production to 222 feel ol burning gas with 
1 kilog. of fish oil (the oil of schist, which I had not at this lime, 
gives in Selliques’s apparatus the same results as fish oil). 

I'his gas at 222 feet only burnt 65 feet to give the light of 
10 wax candles ; it was scarcely ^ weaker than coal gas. Gas 
produced at 110 feet to the kilog. of oil of schist gave me a 
consumption of 4 feet 20 i‘or the same burner. Thus at about 
ICO feet to the kilog. of oil, the gas from w^ater is equal in 
power to coal gas, and burns 5 feet an hour. Hence, I kilog. 
of oil gives 40 hours' light. It is easy to calculate what this 
light costs with oil of schist, which, in the places of its pro- 
duction, is not more than 5 francs per 100 kilog., with a 
combustible expenditure which decreases as the proportion of 
the gas produced and the size of the apparatus increase. With 
the gas from resin, on the contrary, the decomposition of the 
oils operating at the melted surface, small retorts are the 
most advantageous, and at the same time, the volume of the 
gas produced (not its mass) is increased only indccarbureting, 
by a higher temperature, a part of the richest carburets of 
hydrogen. • 

The jiiifcfinito increase of light obtained with the gas from 
watA, in proportion as it is produced irore feeble, tends to 
prove that the presence of the oxide of carbon increases the 
illuminating power of this gas, doubtless increasing the quan- 
tity of heat developed during the combustion. 

W e learn from two reports made to the Antwerp Society 
for lighting with gas, that from the Ut of June, the City of 
Antwerp was liglited with the greatest success by the gas 
from water; that three furnaces are in active employ and 
produce from 24 to 25 thousand cubic feet of gas per day ,* not- 
withstaiuling the useless expense with which the Society is 
charged, the gas at 70 f(‘et to the kilog., costs, wmrkmaiislup 
and keeping up the furnaces included, less than 5 francs per 
100 feet with oil of schist at 15 francs per 100 kilog. 

The superior quality of the gas from water to that from 
coaj^ on account of its total absence from sulphur and amino- 
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nia, need not be discussed ; and on the other hand, the cost 
of this gas is no longer in doubt : at Antwerp, at Belleville 
even, it has been proved in every way. 

At Antwerp, the burner, equivalent to 10 wax candles, con- 
sumes at the rate of 3 feet, 1‘''35 per hour, and costs 4 francs 
50 cents per 100 feet. 

At Paris, the coal gas (which is not obtained for nothing 
as has been pretended) costs, as the companies know, from 
4 to 5 francs per 100 feet, including workmanship, washing, 
and keeping up the apparatus ; at IVTons, even the director 
allows 3 francs. At London, it costs 2s. 6d. or 3 francs 12 
cents. 

But it would not l)e difficult for us, with oil of schist at^G 
or H francs, to produce in I-*ondon, or even in Belgium, gas 
from water, at the rate of 160 feet to the kilog., equal in 
power and superior in quality to the coal gas, at less than 3 
francs per 100 cubit feet English. 

I shall add a few words on the employment of asphaltum 
pipes. 

The question is not what pressure asphaltum pipes will 
sustain, that of the gasometers being always infinitely small, 
but how they will support the chemicnl and sloie action of 
the gas itself on the asphaltum. After some experiments, 
unfortunately too short, several thousand stone pipes were 
placed in Lomaiii, with well baked joints, and at 

the end of four or five months most of these joints were eaten 
and pierced by the gas. which no doubt attacked them by 
means of the small quantity of essential oil, which it carries 
in its vapours. It was necessary to replace all the resinous 
joints by others of clay, covered with Roman cement, and up 
to the presenit time the results appear good. • ^ 


VI. Description of a Voltaic Battery. /?^S. E. Hoskins, 
M. D. Communicated in a letter to the Editor. 

Sir, 

The plate voltaic battery, although nearly superseded by the 
more modern cylindrical arrangements, is still of sufficient 
value to sanction an endeavour towards improving its con- 
struction. ^ 

If the following description of amiethod I have devised for 
its simplification be worthy of a place in your excellent Annals, 
1 shall be obliged by its insertion. 

The various inconveniences arising from the usual methods 
of connecting galvanic plates, and the difficulty of cleansing 
the zincs when soldered to the coppers, induced me some time 
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ago to seek a more simple mode of effecting junction. The 
result is a method whereby solder, mercury cups, and binding 
screws are dispensed with ; and perfect connexion between a 
dozen or eighteen pair of plates effected by the mere adjust- 
ment of a couple of thumb screws. ^ 

Fig. 14, Plate 1., represents a wooden frame with fine 
transverse saw cuts, halt an inch deep, and one fourth or on& 
sixth of an inch apart. This frame is intended to fit over a 
trough without partitions. Each of its projecting extremities 
is perforated for the passage of a brass bolt, having a head at 
one end and a deep thread fur the reception of a thumb 
screw at the other. 

I'he plates which are dropped into the transverse saw cuts 
of the frame, alternately interlacing, according to Messrs. De 
la Rue and Young’s plan, are cut out of copper and thin 
sheet zinc.* 

The plates being dropped into the frame, tivp long ears are 
to be bent over its convex sides, so that a zinc shall be in 
contact with a copper plate. This being done a strip of wood 
is placed over the bent ears : over this a strip of brass and the 
whole bound together by the bolts and thumb screw, until 
|)erfect contact is secured. 

This arrangement will be better understood by reference 
to fig. 14, of the accompanying sketch, which gives a transverse 
view of the apparatus. 

a, a, a, a, are^e plano-convex sides of the frame. 6, 6, 6, 6, 
the alternating plates of zinc and copper, c, a, c, c, thin strips 
of white deal varnished, and barely long enougl^ to cover the 
series of overlapping ears, d, d, rf,rf, strips of thick ^heet 
brass, as long as the sides of the frame, and perforated at each 
extremity. 'E, E, bolts and thumb screws, which are repre- 
sented as having tightened the binders on one side, and in 
readiness to do so on the other. 

ITie dotted lines, in fig. 15, are intended for pieces of var- 
nished cord permanently fixed on the copper plates : a simple 
but effectual method of keeping the plates asunder. 

I’he battery may be used with dilute acid or with the 
acidulated solution of sulphate of copper recommended by M. 
De la Rue. With the latter, good decomposing action will 
continue for upwards of an hour ; at the end of which time 
three inches of fiije platiifuip wire can be kept in a state of in - 

* The thinner the better as it can be readily cut and bent, does 
not require wide saw cuts, which would weaken the frame; — lasts 
quite long enough for one durable operation, and admits of fresh 
plates being used each time. 

VoL. IV. — No. 19, July, 1839. E 
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candescence for half an hour or more. In short, the power 
of the battery is quite equal to that of other plate arrangements 
possessing advantages peculiar to itself. These advantages 
are convenience in an extended sense of the word, and 
economy bvath of time and money. Eighteen or twenty pair 
of plates may be sundered and put together again in a i'ew 
minutes ; the zincs therefore may be easily washed, amalga- 
mated, or replaced, with ^eat facility and without the use of 
the soldering tool, the waste of mercury, or the annoyance 
arising from a series of binding screws. A stock fas^hioned 
by the manipulator may always be kept at hand with no more 
expense than that of the material ; and he may extend his 
series with ease to any extent. 

I'he only parts which cannot in general be made by the 
amateur are the trough, the screws, and the frame. The lat- 
ter requires some degree of nicety in its construction, — none 
however which a common carpenter, properly diret ted, may 
not attain. 

A small battery, such as I have described, has been 
deposited at the Polytechnic Institution, ever since the month 
of October. Mr. BachhoiFner, to whose kindness on all 
occasions I am much indebted, has performed a series of care- 
fully conducted experiments with it, and allows me to state 
in his name that my battery is much more powerlul than 
others of the same order, owmg to (he approximation of the 
plates, and that it is much more couvenieiit^d manageable 
than any. 

1 remain, Sir, 

Guernsey, May, 1839. Your obedient servant, 

S.E. HOSKINS, M.D. 

VII. On a New Magnetic Electrical Machine. ( Magnet- 

electromotor. ) By Dr, Neeff, of Fraiikfort.* 

Exhibited at the Friburg Meeting of Philosophers, in Sept., 1838. 

Since the time I made known the peculiarities of my electrical 
wheel, or mill, to the scientific meeting at Bonn, (and after- 
wards in PoggendorfFs Annals for November, 1835,) the re- 
markable effects of electrical discharges, repeated in rapid sue- . 
cession, have become studied with jnuch attention : and it was 
soon discovered that, for the production of such a q^uick succes- 
sion of electrical light, magnetic electricity ispeculiarly and ex- 
cellently adapted. For this purpose inagnel^ic electricity has 
been employed as it is excited by the machine first invented 

/ t 

* Translated from the German by I. 



Dr*. NeelTs new Magnetic Electrical Machine, G7 

by Pixii, then by Saxton’s and Clarke’s improvements ; each 
ot which has aii armature of soft iron, surrounded by -spirals 
of copper wire, which rotate in front of the poles of a steel 
magnet, by which arrangement a machine is brought into 
good operation ; and the progressive improvementswhich the 
sagacious and ingenious Ettingshausen has given to this 
machine, are so excellently contrived, that there appears to 
be left but little more to be done to accomplish its perfection. 
In the meantime, however, I have been inclined to believe 
that some other way must yet be pursued to arrive at the 
principal object in view : hich w'ould be to replace the steel 
magnet by an electro- magnet of soft iron. The first effect 
which I obtained by this substitution, was far short of that 
which I had been led to expect, a circumstance that may be 
imputed to the deficiency which attended the first construction 
of the iiislrumeiit. ^J'he essential corrections being, however, 
attained, the magnetic electrical operation can now be brought 
to the wished for vigour ; the apparatus is easy and conveni- 
ent to manage, durable in its action, of small dimensions, its 
j)rice trifling, and is well adapted for a variety of purposes 
which are met with by the Surgeon, the Physiologist, and the 
Physician. These results have appeared to me so highly 
gratifying that I am led to believe the instrument is still sus- 
ceptible of much farther improvement. 

With respect to the voltaic battery, I have relied upon those 
litfuids wdiich I have hitherto been in the custom of using for 
the excitation of voltaic troughs, ]}Ut have ueturned to the 
oldest construction of voltaic apparatus, viz, piles of zinc and 
copper, with intervening discs of moistened paper. The zinc, 
however, I amalgamate. When the paper di^s have become 
saturated in*a solution of sulphuric acid, (consisting of about 
one adid and ten water) I iorm the pile, and place it in a 
screw-press. The performance, of this construction of a 
baltcrvj is extremely uniform and durable. Experiments may 
be carried on daily for a considerable time and still the battery 
will continue active. Even for 12 or 16 days, experiments 
may be carried on before it is necessarj' to take the pile to 
pieces and in I reduce fresh discs of paper. Besides, the metals 
become so little corroded that they seldom w'ant any other 
''cleaning than merely wiping aw^ay the moisture from about 
their edges, a circumstance always to be attended to, other- 
wise a perceptible portion of the force is lost. With this pile, 
it is pleasing to find that w e are not annoyed by the. (rouhle- 
some, indeed dangerous, liberation of gas. which always 
attends the apparatus wdieii unamalgamized ziuc is employed. 
The screw is also of very grimi advantage, by tlie slacdveiiing 

E 2 
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or tightening of which, the effects of the pile can quickly be 
weakened or strengthened respectively, at pleasure. 1 use 
plates of greater dimensions and number, as is necessary for 
the maximum of effects. Though but little is to be gained, 
in this way, for the present purpose of the pile, yet it gives me 
a great advantage of diversifying the force in many ways, 
'i'he action becomes exhausted in, perhaps, about 14 days. 
In the manner above described, I prepared 8 copper and zinc 
plates in four pairs, insulating them from each other by dry 
paper, and keeping them pretty close together by means of 
the screw-press, and combined, as occasion required, the 
similar or dissimilar metals, by means of small conducting 
wires and quicksilver cups. The eight moistened papers 
which were placed between the copper and zinc were 4 inches 
broad and 4$ long, the plates being a little larger. The screw- 
press is, perhaps, 7 inches long and C inches broad, and serves 
as a basis for the support of the other parts of the apparatus. 

The second essential part of the apparatus is the spiral. 
The principle of which is well known, as far as depends upon 
the length, thickness, and winding of the wire. The iron 
axle of the spiral, in every revolution, necessarily weakens the 
electric action, in consequence of a partial neutralization of 
the magnetic poles, by its close approach to them during its 
transits. As regards the function of the spiral, it is now 
known that, when it closes the circuit, the iron axle becomes 
magnetic ; and, in opening the circuit, this magnetism, as well 
as that of thei wire, immediately disappears ; by means of 
which, the electric fluid in the spiral becomes impelled, and ex- 
hibited partly in a spark in the reverse order to the battery cir- 
cuit, and is partly led off as a momentum current. The best 
method of a spiral is to have two wires wound clbse*together. 
^Ve can then employ it according to the various purposes for 
which it is wanted ; we can combine the two wires in the same 
direction or in opposite directions ; we can even, by the one,- 
close and open the circuit, and by the other, lead away the 
m^netic electricity. 

The third element of the magnet-electromotor is the 
mechanical, by which the closings and openings of the circuit 
through the spiral are performed. For this purpose, 1 first 
availed myself of the electric wheel, by which contrivance*^ 
the shocks succeed one another with great velocity, and 
become well defined. When 1 "had ascertained the powerful 
action of the apparatus, I was desirous of having it to excite 
itself, as in the electro-magnetic machine, without the in- 
convenience of turning the wheel. The ingenious construction 
which I employ for the purpose is due to Mr. J. P. Wagner. 
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It combines simplicity with efficacy, arid is the result of a 
variety of contrivances which have now been carried on for 
two years : and was given to me by that gentleman. There are 
two parts inserted between the voltaic series and the spiral^ 
which I call hammer and anvil. I'he hammer a piece 
which is attached to one end of the spiral, (the other end 
being connected with one pole of the series) and the anvil is 
connected with the other pole of the series. If now, the 
hammer rests upon the anvil, the circuit will be closed, and 
the iron axle, becoming magnetic, attracts an iron plate which 
fHstens to the hammer, and draws it away from its contact 
with the anvil. By these means the circuit will be opened, 
and the iron axle immediately loses its, magnetism, which 
permits the hammer to fall down again to the anvil and again 
closes the circuit This done the same motions begin anew, 
and are repeated as long as the pile retains its power. The 
hammer may be brought to any required distance from the 
anvil at pleasure, and mercury may be employed between 
them if thought necessary : and there is also a contrivance 
for elevating or depressing the anvil. These modifications of 
the apparatus permit the rapidity of the openings and closings 
to be varied in several ways. 

The apparatus operates upon principles already known. 
The various combinations of the spiral wire serve the purpose 
of attaining various olqects. If, for instance, we require a 
great quantity of the electric force, we must unite the ends 
of both spiral w ires which are of the same name ; by which 
means we shall have sparks and chemical deconqx)sitions at a 
maximum. On the other hand, if we desire a maximum of 
intensity, then we must unite the ends of the •wires which are 
of names, by which means the greatest effect is pro- 

duced*on inferior conducting bodies. The fiery sparks appear 
between the hammer and anvil. The decompositions and 
shocks are obtained by bringing the respective’ bodies into 
contact with one end of the spiral wire ; also to the quick- 
silver shank to which the hammer is united, and to that pole 
of the series which touches the other end of the spiral. Of 
the experiments I shall mention only one ; the deflagration 
of various metals, and particularly of quicksilver under water. 

* The convulsions of this metal are shown by placing a drop of 
it under acidulated water and touching it wdth one end of the 
spiral wire ; a rotation immediately commences in the water ; 
and, by introducing a charcoal point, the phenomenon becomes 
striking and beautiful. The action on the human body is 
extremely powerful. When the spiral wire is only 4(X) feet 
long W'e find that lively shocks are given even when the poles 
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are touched with dry fingers, which, by a somewhat strongi?v 
pressure, become increased to an insulTerable degree. By a 
moderately weak contact, one hears a gentle crackling noise, 
which appears to arise from a series of small sparks passing 
through tlfe insulating epidermis. By moistening the finger 
in water, one gets only a tolerable superficial connexion, which 
continues but for a few seconds when the action is strong. 
The intensity is sufficiently great to transmit shocks through 
a series of many persona who are connected with moistened 
hands. A very interesting experiment is made by the employ- 
ment of two polar plates, by means of which we obtain a 
current through a mass of water, and the human body, or 
even a hand immersj^d between these plates, is acted upon by 
the current. In this electrical bath, independently of any 
direct contact with the polar plates, the immersed body 
deprives the water of the greatest part of the electrical current, 
and, consequently, a lively sensation is experienced at every 
point of the immersed part. The importance of such electri- 
cal baths for medical purposes is very easily perceived, and 
ought to be strictly attended (o by the faculty. 

finally, by augmenting the length and thickness of tlio 
spiral wire, the force hccomes exalted, and answers for every 
purpose ; and one can predict with certainty that it is capable 
of decomposing the alkalies. It is belter adapted ior this 
purpose when, instead of wire, a copper band, (a strip of sheet 
copper) in about twelve even spirals, is wound round the 
axle, having the inner and outer ends prepared with quick- 
silver cups for the purpose of varying the connexions. On 
this plan my Reometer (an instrument described in Gehler’s 
Phil. Dictionary, new edition, vol. vi., sec. 3, p. 2494) is con- 
structed and brought into action. • 

VIII. Notice from Dr, Robert Hare, Professr>r of Che- 
mistry, &c., respecting the fusion of platina, also respect- 
ing a new Ether ^ and a series of gaseous compounds formed 
with the elements of water,* 

I have by improvements in my process for fusing platina, 
succeeded in reducing twenty five ouiicesf of that metal to a 
stat^ so liquid, that the containing cavity not being sufficiently 
capacious, about two ounces over*fiowed it, ' leaving a mass of 
twenty three ounces. 1 repeat that I see no difficulty in 

Communicated by the Author. 

+ Troy weight. ITie actual quantity fused wtfs 12,^50 grs, ; 
the lump remaining weighed 10,937 grs. 



• nho respecting a new Ether. 7 1 

extending the power of my apparatus to the fusion of much 
larger masses. 

When nitric acid or sulphuric acid with a nitrate is em- 
ployed to generate ether, there must be an excess of two atoms 
of oxygen for each atom of the hyponitrous acid which enters 
into combination. This excess involves not only the con- 
sumption of a large proportion of alcohol, but also gives rise 
to several acids and to some volatile and acrid liquids. 

It occurred to me that for the production of pure hyponitrous 
ether a hyponitrite should be used. The result has fully 
realized my expectations. 

By subjecting hyponitrite of potassa or soda to alcohol and 
diluted su^huric acid, I have obtained a species of ether which 
differs frdln that usually known as nitrous or nitric ether in 
being sweeter to the taste, more bland to the smell, and more 
volatile. It boils below 65"* of F., and produces by its spon- 
taneous evaporation a temperature of 0 — 15^ F. On contact 
with the finger or tongue it hisses as water does with red liot 
iron. After being made to boil, if allowed to stand for some 
time at a temperature below its boiling point, ebullition may 
be renewed in it apparently at a temperature lower than that 
at which it had ceased. Possibly this apparent ebullition 
arises from the partial resolution of the liquid into an aeriform 
ethereal fluid, which escapes, both during the distillation of 
the liquid ether and after it has ceased, at a temperature below 
freezing. This aeriform product has been found partially 
condensible by pressure, into a yellow liquid, the vapor of 
which, when allowed to enter the mouth or nose, produced an 
impression like that of the liquid ether. I conjecture that it 
consists of nitric oxide, so united to a portion of the ether as 
to prevent Aho wonted reaction of this gas with atmospheric 
oxygeh. Hence it does not produce red fumes on being 
mingled with air. 

Towards the end of the ordinary process for the evolution of 
the sweet spirits of nitre, a volatile acrid liquid is created 
which affects the eyes and nose like mustard, or horse radish. 

\V hen the new ether as it first condenses is distilled from 
quick-lime, this earth becomes imbued with an essential oil 
which it yields to hydric ether. This oil may be afterwards 
isolated by the spontaneous evaporation of its solvent. It has 
a mixed odour, partly a^re^sable, partly unpleasant. From 
the affinity of its odor and that of common nitrous ether, 1 
infer that it is one of the impurities which exist in that com- 
pound. 

The new ether is obtained in the highest degree of purity, 
though ill less quantity, by introducing the materials into a 
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strong veil ground stoppered battle, refrigeivted by snow and 
salt After some time the ether will form a supematant 
stratum, which may be separated by decomposition. Any 
acid, having a stronger affinity for the alkaline base than the 
byponitrous acid, will answer to generate this ether. Acetic 
acid not only extricates but appears to coralnne with it, form- 
ing apparently a hyponitro- acetic ether. 

1 observed some years ago that when olefiant gas is infiamed 
with an inadequate supply of oxygen, carbon is deposited, 
while the resulting gas occupies double the space of the mix- 
ture before explosion. Of this I conceive I have discovered 
the explanation. By a great number of experiments, per- 
formed with the aid of my barometer gauge Eudiometer, 1 
have ascertained that if during the explosion of tnl gaseous 
elements of water any gaseous or volatile inflammable matter 
be present, instead of condensing there will be a permanent 
gas formed by the union of the nascent water with the inflam- 
mable matter. Thus tw'O volumes of oxygen, with four of hydro- 
gen, and one of olefiant gas, give six volumes of permanent gas, 
which burns and smells like light carburetted hydrogen. The 
same quantity of the pure hydiogen and oxygen with half a 
volume of hydric ether gives on the average the same residue. 
One volume of the new byponitrous ether under like circum- 
stances produced five volumes of gas. 

An analogous product is obtained when the same aqueous 
elements are inflamed in the presence of an essential oil. 
With oil of turpentine a gas was obtained weighing per hun- 
dred cubic inches 16A grs., which is nearly the gravity of 
light carburetted hydrogen. The gas obtained from olefiant 
gas, or from etlv?r, weighed on the average, per the same bulk 
13iV grs. The olefiant gas which I used weighted .per hun- 
dred cubic inches only liOfV grs. Of course if perse expanded 
into six volumes it could have weighed only one sixth of that 
weight, or little over five grains per hundred cubic inches. 
There can therefore be no doubt that the gas obtained by the 
means in question, is chiefly constituted of water, or of its 
elements in the same proportion H*0. 

With a volume of the new ether, six volumes of the mixture 
of hydrogen and oxygen give on the average about five residual 
volumes; The gas created in either of the modes above men- 
tioned does not contain carbonig Acid, and when generated 
from olefiant gas appears by analysis to yield the ‘same quantity 
of carbon and hydrogen as that gas affords before expansion. 

These facts point out a source of error in experiments, for 
analyzing gaseous mixtures by ignition with oxygen or hydro- 
gen, in which the consequent condensation is appealed to as a 
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bask for an estimate. It appears that the resulting water 
may form new products with certain volatilizable substances 
which may be present. 

IX. REVIEWS AND NOTICES OF NEW BOOKS. 

A Course of Eight Lectures on Electricity^ Galvanism^ 
Magnetism, and Electro^magnetism. By Henry M. 
No AD, Member of the London Electrical Society. Scott, 
Webster, and Geary, 36, Charter-Home Square. 

Mr. Noad’s Lectures, like some other recent publications 
purporting to treat on these subjects, aye, principally, if not 
totally, compilations from other sources, to no one of which 
have they made even the slightest contribution. Mr. Noad 
has ol)viously read several authors on the subjects of his Lec- 
tures, and, of course, has selected those parts and parcels of 
their works which appeared most suitable to his purpose. It 
is our duty. howe\er, in justice to its author, to state, that 
Mr. Noad has drawn, to a rather unusual extent, on Sir 
David Brewster’s “ 1'reatise on Magnetism,” many parods 
of which, already in a suitable dress for the “ Lectures,” of 
course, required only the mere process of transplantation from 
one work to the other. We do not, however, find fault with 
Mr. Noad for thus availing himself of the matter in its origi- 
nal elegant form, because it is well chosen and well adapted 
to the purpose ; and, as he has not attempted to conceal his 
authorities, but, in general, has been very liberal in acknow- 
ledging them, his “ Lectures” claim our best wishes for their 
success, sjpcerely hoping that they may produce a better effect 
than that of beguiling an idle hour^ which the preface 
informs us is the only object of the author” for offering 
them to public notice. 


Ma^ctical Investigations.^' By the Rev. Wm. Scoresby, 
B. D., Fellow of the Royal Societies of London and 
Edinburgh ; Corresponding Member of the Institute of 
France, 8fc. Longman, Orme, Brown, Green, and 
Longmans, Paternoster Roto. 

t 

We have, in fhis work, a series of magnetical observations 
and facts of exceedingly great interest, whether they be viewed 
in a theoretical point of view, or of practical applicability. 
The labour^ of Mr. Scoresby, as an experimental philosopher, 
have long been sufficiently known to the scientific world to 
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establish his reputation as an indefatigable and exact investi- 
gator ; and we have great pleasure in stating that the origin- 
ality of many facts which we have observed in this neat little 
volume, do equal credit to the author with any of the pre- 
ceding resiles of his valuable investigations. 

Mr. Scoresby prefaces his interesting Investigations with 
the following series of “ Introductory Observations,” so ad- 
mirably appropriated to the scientific importance, and theo- 
logical dignity, of his subject. 

“ It had long been conjectured that a most intimate con- 
nexion, if not identity of nature, might probably exist among 
some of the more subtle and mysterious agents, or principles 
of different denominations, and, apparently, of different 
characteristics, which universally pervade the region in and 
about this earth. 

Modern discoveries in electro-magnetism, with the cognate 
relations which these have developed as existing in other 
principles of natural bodies, have gone far to verify these 
anticipations; and at the same time to yield so much additional 
knowledge of the constitution of the physical system of our 
planet, as to give a new, an interesting, and a prominent im- 
portance to, electrical and magnetical science. 

‘^To the time of Dr. Gilbert, of Colchester, magnetism 
was only known as a mysterious virtue, existing in and 
peculiar to, the loadstone, or ferruginous substances which had 
been touched by this extraordiuai-y mineral, from which cer- 
tain qualities of ^attraction and direction ere derived. But 
this eminent individual discovered, as he has left on record 
in his ^Physiologia Nova, sen Tractatus de Magnete et 
Corporibus Magnetisis;’ published in the year 1600, that the 
phenomenon of the meridional. adjustment of the" magnetic 
needle was not owing to any mystical virtue, exercised oAt of 
the course of natural principles, but a mere result of the 
directive action of the earth ; which he truly considered as the 
controlling agent, by reason of its being in its matter and 
constitution magnetic. 

So long as magnetism was known only as a separate or 
simple principle, the philosophic ideas of Dr. Gilbert were 
never materially advanced ; but, on the discoveries of Professor 
OBrsted, whereby the long-suspected connexion betwixt 
electricity and magnetism was established, an amazing en- 
largement was at once yielded to magneticar knowledge, and 
a corresponding impulse given to magnetic research. 

^‘The effect has been to give a science, formerly considered 
as comparatively of an inferior class, a grandeur ojf considera- 
tion; placing it at once amongst those mighty principles which 
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infinite wisdom has appointed, and infinite power ordained 
as essential elements or agencies in the physical constitution 
of (he world. For inasmuch as the inseparable connexion has 
been established betwixt electricity and magnetism, these, 
under various forms of development, reciprocally developing 
each other, it necessarily follows, that, to whatever extent in 
creation electricity operates, to the same extent the magnetic 
principle must reach. And inasmuch as heat, light, and 
chemical action, are each, more or less, developers of one form 
or another of the electro-magnetic principle, the analogies of 
science would lead us to infer, that magnetism is co-extensive 
with these other agencies, throughout their range of operation. 
Hence, tiiere is little doubt but the principle, which, a few 
years ago, was known only as a director 6f the compass needle, 
as to its utility, and as little more than a curiosity in science, 
is one of the mighty energies by which, instrument ally, the 
works of the groat Creator are regulated; one of those subtle 
powers which he hath ordained as his servants, ‘ fultilling his 
word;’ and whereby, ‘the sweet influences’ of the whole sys- 
tem of the universe are bound togctlier, controlled, and upheld. 
Thus the subject of magnetism becomes of the highest con- 
sideration ; in science, as to its mightiness and extent of 
operation ; and, in natural theology, as calculated to connect 
the researches of human intelligence, with him who hath cre- 
ated these wonders ; to elevate the feelings of reverence and 
adoration in the devotional mind, and to proclaim more clearly, 
in jnoportion as the invisible things are i^nderstood, ‘ His 
eternal power and Godhead.’ 

“ It is not my object, however, in this publication, to carry 
out those views to which the more enlarged consideration of 
magnetisili, as a science, might be advantageously applied; 
but that, in thus showing something of the importance of the 
subject as a science, 1 may solicit, for the contributions which 
are here ofiered for it, such reasonable consideration as, in this 
connexion, they may fairly claim. 

“To the subject of magnetism, my attention has, fora 
series of years, been more or less directed ; latterly w ith the 
view, particularly, of producing more powerful instruments for 
the determii^ation of delicate variations in, and the actual 
condition of, the earth’s magnetism; a subject which, from its 
greatly increased importance, is now engaging attention in 
some of the principal observatories in Europe. 

“ In contemplating such improvement in instruments de- 
pendent for their adjustment on the earth’s magnetism, the 
grand desideratum would obviously be, the attainment of 
increased energy, or directive power, in magnetic needles, or 
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bars of any given length or mass. And, that the attainment 
of such increased energy was a promising field of enquiry, 1 
was satisfied, from the mere consideration of the surprising 
superiority in power of electro-magnets over permanent arti- 
ficial magnets; strongly indicating the existence of a far 
greater capacity for magnetism, than we have hitherto been 
able to develop, or, if developed, to retain. Whilst this con- 
sideration yielded every encouragement to the enquiry, an 
experimental fact, in regard to the proportional power of mag- 
nets of unequal thickness, suggested that guidance, in pursuing 
the enquiry, which not only led ( as will, I trust, subsequently 
appear) to a successful result in regard to the object particu- 
larly specified, but gave rise to investigations extending 
beyond my original design, and eminently calculated, 1 con- 
ceive, for the improvement of sea compasses — hitherto so very 
defective — as well as artificial magnets, and magnetic' apparatus 
generally. The fact referred to was this. When examining, 
many years ago, the directive power of various artificial bar- 
magnets, for the purpose of determining the practicability of 
ascertaining the thickness of rocks, &c. in tunneling and 
mining, by the method of deviations communicated to the 
Royal Society in 1831, — the idea occurred to me, that, if the 
bars ordinarily employed for compass needles, &c. were 
divided into laminaE^ ; or if, in other words, they were made 
up of thin plates to the extent of the masses of the bars com- 
monly in use, a greater degree of energy would be obtained. 
Experiment fully justified this opinion. But previous to the 
application of the principle to instruments directed by the 
earth’s magnetism, 1 had made trial of a combination of 
laminae of thoro'nghly tempered steel, for the construction 
of a small compound magnet. «^The substance made use of 
was watch-spring, of which fourteen pieces, of two inches in 
length, were combined, after being magnetized, and formed a 
small magnet, weighing, in amount of steel, about one hundred 
grains. From a want of knowledge, at that time, of the best 
mode of magnetizing thin plates, the power obtained was 
much less than was expected ; but when the same little in- 
strument was subsequently magnetized, in a mass, by the 
process hereafter described, its efficiency became very striking, 
— the power being found to be such as to lift, by one pole, a 
polisbM nail of about 800 grains^ or eight times its own 
weight. 

** A trial apparatus, of the nature of a variation needle, on 
the same principle, — improved, however, for this purpose, by 
the separation of the plates — was constructed in the year 
1836, which was exhibited to the ^ British Association for 
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the Promotion of Science/ the same year. But being with- 
out any precise knowledge of the laws of combination in 
magnetized plates, or even of the actual power of this instru- 
ment, though obviously great, a mere general idea only of its 
relative superiority could then be obtained. Since that time 
1 have investigated, in an elaborate series of experiments, and 
with a somewhat expensive variety of apparatus, the principles 
of the construction adopted, so as satisfactorily to prove, 1 
conceive, the decided advantage of that construction for sea, 
and other, compasses, and to apply the principle to various 
practical purposes in magnetics. 

“In the original ^ variation compass’ just referred to, the 
plates, as I have intimated, were no\ placed in immediate 
contact, but separated by thin slips or wood or card-board ; 
fqi* I had previously found, when combining magnets for other 
purposes, that a material loss of power, in the individual 
intensities of the bars, was, in all cases, occasioned by com- 
bination : but that, when the combination was not made in 
contact, an inferior deterioration took place. 

“ The subjects to which I was primarily guided by these pre- 
liminary considerations and results, extended to the following 
[)articulars : — The eflfect of the division in various directions 
of the mass of steel, on its magnetic capabilities, — the law 
of combination of magnetized steel plates in contact — the 
law of combinaticfti when the plates are separated by limited 
spaces — the effect of temper or degree of hardness, and the 
degree of permanency of the power in combinations of mag- 
netized steel plates. A few of the most important results 
obtained from these investigations, were forwarded to the 
Institute of France, ;n February, 1838. These investigations 
proved sufficient to show that the idea entertained in the 
outs'et, of practicability of producing, by means of combination 
of magnetized steel plates, more powerful apparatus than had 
hitherto been in use, for experiment and observation in magnet- 
ical science, and for practical purposes in magnetics generally, 
was not incorrectly founded. But the most important practi- 
cal applications of these principles, with the results of several 
new an<J distinct investigatipns, yet remain behind. The 
description of these, in the first instance, is the object of the 
present publication ; and it is hoped that the results will be 
found to develop some n^w and some improved principles of 
construction, applicable both to instruments designed to be 
directed by the earth’s magnetism, and to the improvement 
of apparatus in which a permanent and concentrate energy 
are requisite ; together with a useful application of some of 
the laws developed in these or previous investigations, to the 
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testing of the quality of steel, and the determining of the 
degree of its hardness, purposes of the highest importance 
in the construction of delicate instruments used in the arts, 
or by professional men. 

“The several results and applications of these recent 
personal researches, may be conveniently classed under 
separate heads, belonging to the development of principles, or 
of different practical proces.ses, in magnetism. Some of these 
will, no doul)t, be r,^solvable, in ceriain particulars, into 
principles or methods heretofore known ; but, in all, it is pre- 
sumed, something peculiar, as to decisiveness of the results 
bearing on principles, or as to convenience of adaptation, or 
efficacy of manipulation, or improvement in construction, in 
regard to the practical subjects, will be loiind.” 

From the above prefatory chapter, our readers will dtf- 
cover that the objects of Mr. Scoresby’s investigations are or a 
high scientific character ; and we can assure them that we have 
not met with so valuable a work on magnetics as that before 
us, since the appearance of the second edition of Mr. iiarlow’s 
“Magnetic Attractions,” a work of great merit, and intrinsic 
importance, in this branch of physics. It is such productions 
as these that every scientific man delights to peruse; and 
every scientific journalist ought to take a pleasure in recom- 
mending to his readers. Every novel fact that becomes de- 
veloped by physical enquiries gives new impulses to the pur- 
suit, implants an additional gem in the diadem of science, en- 
hances the lustr« of the whole, and, sooner or later, yields 
new sources of comfort and happiness to man. 

X. MISCELLANEOUS ARTICLES. 

Galvanic experiments o?i the body of an executed 
, Murderer, 

Coleman, a mulatto, who njurdered his wife, was executed 
at New York on the 15th of Feb., lS):>9. After the body had 
hung for about a quarter of an hour it was cut down. Mr. 
Chilton, and several other scientific men, then operated in the 
following way on the corpse. The instrument used* in these 
experiments was a newly invented one, called a Galvanic 
Multiplier ; the whole amount of zinc surface exposed to the 
acid was about one foot, and yet the shock produced is equal, 
if not greater, than that of a battery of 100 inch plates. 

Experiment. — The lungs were filled with oxygen gas. 
The plirenic nerve and eighth pair were dissected ju the neck ; 
a metallic piece, having a number of points on it, was placed 
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over the ribs, the points being inserted through the skin. The 
moment the lungs were filled with the gas, the galvanic cur- 
rent was passed from the nerves at (he neck to the diaphragm. 
The object was to bring about respiration. The eiFect pro- 
duced was, violent contraction of all the muscl^, the chest 
heaved but no air appeared to enter the lungs,yhe head and 
neck were thrown on one side by the spasin^oduced. 2d, 
The metallic piece was removed from the arodomen, and an 
incision was made through the cartilawi^f the seventh rib, 
one pole of the instrument was placed in the opening, so as to 
touch the diaphragm ; the other was p aced on the neck. The 
eflect produced was similar to the first. 3rf. The posterior 
tibial nerve at the heel was exposed ; oi<e pole applied to this 
the other to the neck. Eflect — the muscle of the leg was 
thrown into action, with convulsive movements of the body. 
\th. One pole was held at the tibian nerve — the mouth was 
then opened, and the other pole put into it. The moment it 
touched the tongue the teeth became firmly clenched, and 
held so hard on to the ^ire as to require considerable force to 
extricate it. This was repeated several times. 5th, The 
next experiment was to try the effect produced by merely ap- 
plying the poles of the instrument to the surface of the bodfy, 
previously wetting its parts with a saline solution, to render 
* the contact more perfect. The effects on the body appeared 
quite as great as when the large nerves were touched. The 
poles of the apparatus were 4 daced in the above manner, one 
to the leg, the other to dilftTent parts of the face. The facial 
muscles were alternately thrown into action a^^teS'dillerent 
nerves of the face were touched. I'he efr^ct ol this was ter- 
rific in the extreme. Every muscle of the , grim murderer’s 
countenance was thrown into Ae most horrible contortions : 
rage, horror, anguish, and de^pair, the most rapid smiles, the 
most hideous exprel^sions of contempt and hatred, by turns 
were depicted on his countenance, and gave a fearful wildness 
to his face, which far surpassed even the most vivid imagina- 
tion from Fuseli’s brain, or Kean’s scenic display that w^e ever 
-Vltnessr*!. Several of the audience were excessively appalled; 
some left in double quick time, and many confessed, that, if 
they had staid, they certainly should have fainted. At one 
part of the operations, w'hen the murderer raised his right arm 
and passed it in different directions, w^e saw the cheeks of 
several stout hearted felJbws blanched with fear : and one, 
whose name we do not wish to mention, actually whispered 
“ sure, he has come to life.” Above an hour w as spent in the 
experiments, and then the prison was cleared and the body 
removed. under the directions of the surgeons. — Jen^ey Times 
and Njval and Military Chronicle. 
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On ThuTsday tdlernoon, the 13th of June, the Town of 
Croydon, in Surrey, was visited by a most tremendous storm 
of lightning ^d thunder. It commenced about 5 o’clock and 
raged with ^eat violence for a considerable time. A young 
man, named William Mackrell, in the employ of Mr. Walters, 
of Ridley OakSi being engaged in pitching some fold stakes 
and was abou\ to leave his work, and shelter in the house, 
when he was struck by the electric fluid and fell to the ground 
quite dead. Somct^^takes which he held in his hand at the 
time were shivered tf 7 pieces. He was a fine strong man, 
about 30 years of age. (• A great deal of injury was done to 
property in the neighbourhood. 


To obtain Potassium by voltaic action. A thin piece” 
of hydrate of potassa is placed between two discs of platina, 
connected with the extremities of a voltaic apparatus of 200 
double plates ; it will soon undergo fusion, oxygen will separate 
at the positive surface, and small glob«^lus will appear at the 
negative surface, which consist of potassium.” I discovered 
this metal in the beginning of October 1807 .— Sir If. Davy. 

One hundred two-inch plates of a Cruichshank’s battery de- 
composes the potassa very well. If the battery be too active* 
the liberated potassium is apt to^take fire. Eorr. 


Amalgam, for tie Rubbers of Electrical Machines. 

‘‘ The amalgam which I is made by meltiiig together 
one ounce of tin and two ounces of zinc, which are mixed 
whilst fluid, with six ounces of mercury, and agitated in an 
iron or wooden box until cold. It is then reduced to a fine 
powder in a mortar, and mixed with sufficient hog's lard it 
form a paste.” Singei . 

Fuse a small quantity of zinc either in a crucible or ladle, 
and pour it gently into about four times its weight of mercury, 
previously heated in a stone or iron mortar, and stir it well 
during the time with the warm pestle. Continue to rub the 
amalgam till quite cool, in order to inclTporate the two metals 
completely ; which if well performed, \7ill give the amalgam 
a smooth butter-like consistence. It may be made softer, 
if necessary, by adding mercury during the process, lliis 
amalgam, mixed with a very little tallow, is the best we have 
yet used. ^ Edit. 
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.|;20. Nature of the electric Jforoe or forces. 

1667* The tlwory or induction set forth and illustrated in the 
three preOedii^ series of experimental researches does not assume 
anything new as to the nature of the electric force or forces, but 
only as to their distribution. The efects may depend upon the 
association of one electric fluid with the mrtieles,.of matter, as in 
the theory of Franklin, Epbius, CdVendSiif an;} .Mossotti ; or they 
may dej^nd upon the association of two electric ‘fluids, as in the 
tbec^. of* Dufay and Poisson ; or they may not depend upon any- 
thiiii|^y^h can properly be called the electric fluid, but on vibra- 
tionS'^ o^er affections of the piRtter in which they appear. The 
Is unaffected by such dHTerenceS in theiaode of viewing the 
though it professes to pet'form, the im- 
statm^. hotv, iby iiowers are arranj^d (at least in 
it does not, as^ far as I can vet |>erc4^e, 
which can be coateiderea as a distin- 
of truth of any One of these various views. 
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*] 668 « Bttt^ to ascertain how tbe forcea are arranged^ to trace 
them in tb'eir various relations to the partides of mAtiex, to deter*; 
mine their general laws^ and also the apedfie differencea which 
occur underthese laws^ is as important as, if not more so than^ to 
know whether the forces reside in a fluid or not ; and with the 
hope of assisting in this research, I shall ofler scMne^iirther develop* 
xnents, theoretical and experimental, of tl)e eemditions under which 
I suppose the particles of matter ve placed, when exhibiting indue* ' 
live phenomena. 

1669. ' The theory assumes that alUthe particles ^ whdiher of 
insulating or conducting matter, are as wholes dfenductors. 

1670. That not being polar in their normal state, they can be^ 
come so by the influ^ice of neighbouring charged particles, the 
polar state being developed at the instant, exactly as in an insu- 
lated conducting mas\ eonsisting oi many particles. 

1671. That the particles when polarized are in a forced state, 
and tend to return to their normal or natural condition. 

1672. That being as wholes conductors, they can readily be 
charged, either bodtlp or polarljf. 

1673. That particles which being qpntigueus are also in the 
line of inductive action can communicate or transfer ilidr polar 
forces one to another more or less readily. 

1674. That those doing so less readi] 3 r require the polar forces 
to be raised to a higher degree before this transference or commu- 
nication takes place. 

• 1675. That the communication of forces between conti- 
guous particles constitutes conduction, and the difficult communica- 
tion »nsu/a/ion ; conductors and insulators being bodies whose 
particles naturally possess the property of communicating their 
respective forces easily or with difficulty ; having these differences 
jUst .as they have differences of any other natural property. 

1676. That ordinary induction is the effect resulting ftogs the 
action of nuitter charged with excited or free electricity upon insu- 
lating matter, tending to produce in it an equal amount of the 
contrary state., ^ 

1677* That it can do this only* by polarizing the particles con- 
tiguous to it, which perform the same office %o the next, and these 
again to those beyond ; and that tihus the action is propagated 
from' the excited body to the next conducting mass, and there 
renders the contrary force evide^ in consequence of the effect of < 
communication which supervenes in the conducting mass upon the " 
polatization of the partiems of that body (l 675 .>. 




. ^ -■By ' ‘4^"' 

'' Bt^f oontequeiibe of the etste of th|^ particles and the mod^ in 
wli^ the mthiesKse of e^ecttiCal foi^ b trari^red or tranrnnitted 
0p flcfdse sodi ittadblitig i^ie. • 


l€79. The {Mn'ticles of an iiM^atina dielectr^ whilst under in* 
ductim may be compared to a Mries of sbialrtbagnetic needles, or 
more <^mctly still to a series of Small insulai^ conductors. If 
the space roum a charged globe were filled ivith a mixture of an 
insulating dielectric/as oil of turpentine or air, and small globular 
conductors, as shot, the latter being at a little distance from each 
other so as to be insulated, then these would in their condition and 
action exactly resemble what I consider to be the condition ahd 
actioh'of the particles of the insulating dielectric itself (1537)* If 
the globe were charged, these little conductors would all be polar ; 
if the globe were discharged, they would all return to the r normal 
state, to be polarized again upon the recharging of the globe. The 
state developed by induction through such particles on a mass of 
conducting mattei^at a distance would be of the contrary kind, and 
exactly equal in amount to the force in the inductric globe. There 
would be a lateral difiusion of force (1224. 1297.), btomse each 
polarized sphere woujd be in an active or tense relation to all those 
contiguous to it, just ^s ond magnet can affect two 'or more mag- 
netic needles near it, and these again a still greater number beyond 
them. Hence would result the production of curved lines of in- 
ductive force if the inducteous body in such a mixed dielectric were 
an uninsulated metallic ball (1219> &c.) or other properly shaped 
mass. Such curved lines are the consequences of the two electric 
forces arranged as I have assumed them to be ; and, that the in- 
ductive force can be directe(k in such curved lines is the strongest 
iflroof of th^ presence of the two powers and the pok:; condition o£» 
the dielectric particles. . » • • 

1680. I think it is evident, that in the case stated, action at ao 
distance can only result through an action of the contiguous con- 
ducting^ partides. There is no ^reason why the inductive body 
should polarize or affect distant conductors and leave those near it, 
namely the particles of the dielectric, unaffected : and everything 
in tbe form , of fact and experiment with conducting masses or par- 
ticles of a ^nsible sjze contradicts such a supposition. 


1681. A striking character of the electric power is that it is 
limited and exclusivei and that the two forces being always present 
. are exactly equal in amount. The fprees arO relat^ in one of two 
y^ways, either as in the natural normal condition of an uncharged 
insulated conductor ; or as in the charged state, the latter being a 
case of induction. 


1682. Cases of induction 'ard easily arranged so that the tore 
forces being limited in ihdr direction shall present no phenomena 
or indications external to the apparatus employed. * Thus, if a 
Lqrden jar, having its external coating a little higher than the in- 



’•to Experimental Researchu ni Electricity. ‘ ^ 

temaiy be charged and then it$ charging 'ball and rod removedv 
aoch jar wijj present no electrical appearances so long as its outside 
is uninsulated. The two forces which may be said to be in the 
coatings^ or in the particles of the dielectric contiguous to them, are 
entirely engaged to^ach other by induction through the glass ; 
and a. carrier ball (1181.) applied either to the inside or outside of 
the jar will show no signs of electricity* But if the jar be insulated, 
and the charging ball and rod, in an uncharged state and suspebded 
by an insulating thread of white, silk, be restored to their place, 
then the part projecting above the jar will give electrical indications 
and charge the carrier, and at the same time the outside coating of 
the jar will be found in the opposite state an^ inductric towards 
external surrounding objects. 

1683. These are simple consequences of the theory. Whilst the 
charge of the inner coating could induce only through the glass 
towards the outer coating, and the latter contained no more of the 
contrary force than was equivalent to it, no induction external to 
the jar could be perceived; but when the inner coating was ex- 
tended by the rod and ball so that it could induce through the air 
towards external objects, then the tension cS the polarized glass 
molecules would, by their tendency to returh to the normal state, 
tall a little, and a portion of the charge passing to the surface of 
this new part of the inner conductor, would produce inductive 
action through the air towards distant objects, whilst at the same 
time a part of the force in the outer coating previously directed 
inwards would now he at liberty, and indeed be constrained to in- 
duct outwards through the air, producing in that outer coating 
what is sometimes called, though 1 think, very improperly, free 
charge. If a«i?!na.U Leyden jar be converted into th^ form of 
apparatus usually known by the name of the electric well, it will 
illustrate this action very ccjnpletely. 

1684*. I'he terms free charge and dissimidaled electricity convey 
therefore erroneous notions if they are meant fo imjfly any^differ- 
ence as to the mode or kind of action, 'i'he charge upon an in- 
sulated conductor in the middle of a room is in the same relation 
to the. walls of that room as the charge upon the inner coating of a 
Leyden jar is to the outer coating of the same jar. The one is not 
more free or more dissimulated than the other ; and when sometimes 
we make- electricity appear where it was not evident before, as upon 
the outside of a charged jar, when, after insulating it, we touch 
the inner coating, it is only because we divert more or less of the 
inductive force from one direction into another ; tor not the slightest 
change is in such circumstances impressed upon the character or 
action of the force. * . ' 

l6S5v. Haying given this general theoretical view, I will now 
nptice particular points relating to the nattirbiof the assumed electric 
polarity of the insulating dielectric particles. • 
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16 k 6» The pplar state may be corsidered in common induction 
as a forced state, the particles tending to return to ,tlWir normal 
condition. It may probably be raised to a very high degree by 
approximation of the inductfic a.nd inducteous bodies or by other 
circumstances; and the phenomena of electrblyzation (861. 105S. 
1706.) seem to imply tliat the quantity of power which can thus be 
accumulated on a single particle is enormous. Hereafter we may 
be able to compare corpuscular forces, as those of gravity, cohesion, 
electricity, and chemical affinity, and in some way or other from 
their effects deduce their relative, equivalents ; at present we are not 
able to do so, but there seems no reason to doubt that their elec- 
trical, which are at the same time their chemical forces (69I. 918.), 
will be by far the most energetic. 

1687. I do not consider the powers wl^n developed by the 
polarization as limited to two distinct points or spots on the surface 
of each particle to hm considered as the poles of an axis, but as 
resident on large portions of that surface, as they are upon the 
surface of a conductor of sensible size when it is thrown into a 
polar state. But it is very probable, notwithstanding, that 
the particles of diffhr<?nt bodies may present specific differences in 
this respect, the powe^rs not being equally diffused though equal 
in quantity ; other circumstances also, as form and quality, giving 
to each a ])eculiar polar relation. It i!^)crhaps to the existencejof 
some aucli differences as these that we may attribute the specific 
actions of the different dielectrics in relation to discharge (1394. 
1508.) Thus with respect to oxygen and nitrogen singular con- 
trasts were presented wlien spark and brush discharge were made 
to take place in these gases, as may be seen by reference to the 
1’able in paragraph l.'ilS of the Thirteenth Series ; dor vjith nitro- 
gen, when tlie small jjegative or the large positive ball was rendered 
inductric, the effects c in-responded with those whicli in oxygen were 
produced when the small positive or the large negative ball was 
rendered iinhictrie. 

r 

1688. In such solid bodies as glass, I3C, sulphur, &c., the parti- 

cles appear to be able to become polarized in all directions, for a 
mass when experimented upon so as. to ascertain its inductive 
capacity in three or move directions (loOO.), gives no indication of 
a difference. Now as the particles are fixed in the mass, and as the 
direction of the induction through them must change with its 
change relative to the mass, the constant effect indicates that they 
can be polarized electrically in any direction. This accords with 
the view already taken of each particle as a whole being a con- 
ductor (1669.), and, as an experimental fact, helps to confirm 
that view. • ♦ 

1 689. But though particles may thus be polarized in direc- 
tion under the inffuence of powers which are probably of extreme 

(1686'.), it does not follow that each particle may not tend 
to polarize to a greater degree, or with more facility, in one direc- 
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tioD 4ian ,aiu)tlier ; or that different kinde may not have specific 
difiSbrchces jn this reipect, as they have differences , of conduct^ 
and other powers ( 1S26. ISdS}. I sought with great anide^ 
for, a relation of Uiis nature;. and selecting crystalline bodies as 
those in which all the ))articles are symmetrically placed^ and tberoi- 
fore best fitted to indicate any result which might depend * 
variation of the direction of the forces to the directiw of the par- . 
tides in which they were developed, experimented very carefblly 
with them. - 1 was the more strongly stimulated to this inquiry by 
the beautiful electrical condition of the crystalline bodies tourmaline 
and boracite, and hoped also to discover a relation between electric 
polarity and that of crystallization, or even of cohesion ftself (I3l6.). ' 
My experiments have not established any connexion of the kind 
sought for. But as 1 think it of equal importance to show either 
that there is or is not^sucfa a relation, I shall briefly describe the 
results. 

1690. The form of experiment was as follies. A brass ball 0*73 o 
aninch'in diameter, fixed at the end of a horizontal brass rod, and 
that at the end of a brass cylinder, was by* means of the latter con- 
nected with a large Leyden battery (291.) by perfect metallic 
communications, the object being to keep that ball, by its connexion 
with the charged battery in an electrified state, Very nearly uniform, 
for half an hour at a time. This was the indpctric ball. The 
inducteous ball was the carfler of the torsion electrometer (1229* 
1314.); and the dielectric between them was a cube cut from a 
crystal, so that two of its faces should be perpendicular to the 
optical axis, whilst the other four were parallel to it.. A smalb 
projecting piece of shell-lac was fixed on the inductric ball at that 
part opposite to the attachment of the brass rod, for the purpose of 
preventing actial contact between the ball and the crystal cube. 
A coat of shell-lac was also attached to that side of the carrier ball 
which was to be towards the cube, being af^o that side which was 
furthest from the repelled ball in the electrometer when placed in 
its position in that instrument. The cube was covered' wffl ^ thin 
coat of shell-lac dissolved in alcohol, to prevent the deposition of 
damp upon its surface from the air. It was supported upon a 
small table of shell-lac fixed on the top of a stem of the same sub- 
stance, the latter being of sufiicient strength to susbun the cube, 
and yet flexible enough from its. length to act as a spring, and 
allow the cube to bear, when in its place, against the shell-lac on 
the inductric ball. 

lG9i- Thus it was easy to bring the inducteous ball always to 
the same distance from' the inductric ball, and to uninsuiate and 
insu]ate it again in its place ; and then, after measuring the force 
in the electroratter^l 181.), to return it to its place opposite to the 
inductric half for a second observation. Or it was easy by revolv- 
ing the stand which supported the cube tcT bripg four of its faces 
in succession towards the inductric ball, aud so observe the force 
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'wdiell 4lie^t)es of mductive action (1904.) coincided with, or wer^ 
tratiBViirs^tai th4 dilrectScm df optical axis of 'the ct78tal. Gene, 
rtil^ to twenty^^e^it observations were made in suc- 

cession" upon the four vertical faceaof a cube, and then an average 
eiq[!^]4^on of the inductive forhe was obtained, ami compared with 
Siix^r averages obtained at other times, every precaution being 
taken to s^ire accurate results. 

The first cube used was of rock crystal ; it was 0*7 of an 
inch in the aide. It presented a remarkable and constant differ-, 
ence, ^e average oT not less than 197 observations, giving 100 for 
the specific inductive capacity in the direction coinciding with the 
optical axis of the cube, whilst 93*59 and 98*31 were the expres- 
sionsJTor the two transverse directions. 

1699* But with a second cube of rock crystal corresponding 
results were not obtained. It was 0*77 of an inch in the side. 
The average of many experiments gave 1 00 for the specific induc- 
tive capacity coinciding with the direction of the optical axis, and 
98*6 and 99 ‘ 92 j 6 r the two other.directions. 

1694. Lord Ashley, whom I have found ever reacly to advance 
the cause of 8cience,«» obtained for m# the. Joan of three globes of 
rock crystal belonging to rfer Grace the Duchess of Sutherland- 
for the purposes of this investigation. Two had such fissures as to 
render them, unfit for the experiments (1193. Id9®.). . The third, . 
which was very superior, gave me no indications of any difference 
in the inductive force for different directions. ' 

1695. I then used cubes of Iceland spar. One 0*5 of an inch 
in diameter gave 100 for the axial direction, and 98*06 and 95*74 
for the two cross directions. The other, 0*8 of an inch in the side, 
gave 100 for the axial direction, whilst 101*73 and li>l*86 Were the’ 
numbers for the cross direction. 

. 1696. Besides these differences there were others, which I dP 
nof thinkijiJt needful to state, since the main point is not confirmed* 
For the ugh the experiments with the first cube raised great ex- 
pectation, they have not been, generalized by those which followed. 

I have no doubt of the results as to that cube, but they cannot as 
yet be referred to crystallization. There are in the cube some 
fdintfy coloured layers parallel to the optical axis, and the matter 
which colours them may have an influence ; but then the layers are 
also 'nearly parallel to a cross direction, and if at all influential 
should show some effect in that, direction also, which they did not. 

1697. In some of the experiments one half or one part of a cnbe 
showed a superiority to another part, and this I could not trace to 
any charge the different partji had received. It w^s found that the , 
varnishing of the cubes prevented any communication of charge 
to them, except (i® a few experiments) a small degree , of the nega- 
tive state, or that which .was contrary to the state of the inductric 
bell (1564. 1566.). • . ’ 
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i 0 Oitl<i pa*ceive> the 
''Hfeetl' "pa^edti, <»' Jea^ io 
Ti^^^ hear a gbss/itisr 

Ai ' ti» ilia cattle cl" the difiereiices, o^r Am legular 
^ elxt^ra, tfaei^ migr be imnd^ Tims n^ute Smwm 
^ tcay be so disposed asjtoprddhte^ 

^^il^lMe.electanlcal jdhffiereitce (1 19^.); Or the 'cifjwtaSisati&n m|r 
M'li^gidar; or die substance lasy not be quite pure; imaTkf 
; ytb i^nsider how minute a quantity of matter will alter gready 
the cotidactipg. power of water« it will seem not unlikely duit a 
lll^ eKlvaneoas matter diffused through the , whole dr^pait nf a 
may produce effects sufficient to account for all the ii;x|^la« 
ritie 4 kof jiction that have been observed. 


^ 609.^ An important inquiry regarding the electrical polarity ojT 
the* particles of*an insulatipg .dielectiic, is, whether it be the'mdie; 
CQ.]^ of the, particular substance acted on, or the component or 
ultimate partides, which thus act the part of insulated conducting 
polariaiiig portions (1669.). 

1700 . The'conclusion I have arrived ft is, that it is the mole* 
Oules of the substance which polarize as wholes { 1347 *) ; and that 
however complicated the composition of a b^d'y may be, all those 
p^ticles or atoms which are held together by chemical affinity to 

. form one molecule of the resulting body, act as one. conducting 
mass' or particle when inductive phenomena and polarization are 
produced in the substance of which it is a part. 

1701. This conclusion is founded on several considerations. 
Thin if we observe the insulating and conducting power of -ele- 
ments when the^ are used as dielectrics, we find some, as suljdmr, 
phosphorous, -[^hiorine/ iodine, &c., whose particles .insulate, and 
therefore polarize in a high degree ; whereas others, as the metals, 
give scarcely any indication^of possessing » sensible proportion of 
this'pihwer ( 1328 .), their particles freely conducting one to anotli^. 
Yet when these enter into combination they form subsidences having' 
no direct relation apparently, in this respect, to their element!^ ; fur 
water, sulphuric acid, and such compounds formed of insulating 
etemeutSi conduct .by comparison freely ; whilst oxide of l^ad^ flint 
ghiss, borate of lead, and other metallic compounds containing very 
'l^h prop^ions of conducting matter, insulate excellently wdj. 
j^l^ing pude of lead therefore as the illustration,. I conceive that 
^ 'ilotthe particles of oxygen and lead which polarize sepamtely 
liitfer the act of induction, bat the molecules of oxide 

.imdttbit this effect, all the elements of one partide 
xnilsMcig body, being held together as -parts of one condi^ptlpg 
bonds of chemical affinity V which is but snipper 
. force (918*)./ * ; . / /"/ 

; ’1702. Ill bl^ies which are electrolytes we have still JTui^r 

* in such a state of tbin^. Jhm when. 



cUor^e ^ tin, iodiAe of lead, &o« in tbe.e^Ud sti^ ai^e between 
llite elvbireidei ot idle voitain baltesy, tbeb faitidee |K)teiee^ae 

ether imnlattfigdiekcitvie^ botj^faeat^ Uqnid 

etftfee ia eoiiferred iin these etibttanees, the pcdarbe^paitiel^ divide, 
thetm helves, eladb in a'h^b] jr dierged et^, trevellini^ 'oimarde 
imtil meetjotker partides in exi opposite and eqaally duuged 
stale, V^iCh which they combine, to the neutreUeeticni of t&ir 
chemical, i. e* their electrical forces, and the reprodnction of comp 
poiind partioleQ, which can again polarize as wholes, and again 

divide to repeat the some series of actions (1 34f7«)* 

179^* But though electrolytic particles polarize aS wholes, it 
would appear very evident that in them it is hot a matter of aitire , 
indifference kotv the particle polarizes (1689* }« since, wfae^ free to 
move (380, &c.) the polarities are ultimately distributed in lefer- 
encq to the elements ; and sums of force equivalent to tlie polari- 
ties, and very definite in kind, and amount,^ separate, as it were, 
from each other, and travel onwards with the elementary particles. 
And though 1 do not pretend to know what an atom is, or how it is 
associated or endowed with electrical force, or how this force is 
arrsinged in die cases of combination and decomposition, yet the 
strong belief I have in the electrical polarity of particles when 
under inductive action, and the bearing of such an opinion on die 
general effects of induction, whether ordinary or electrolytic, wi& 
be my excuse, 1 trust, for a few hypothetical considerations* 

1704. Ill electrolyzation it appears that the polarized particles 
would (because of the gradual change which has been induced 
upon the chemical, i. e. tbe electrical forces of their elements 
(91 8.) rather divide than discliarge to each other without division 
(1348.) ; for if. their division, i. e. their decomposition and re- 
combination, be prevented by giving them the solid «tate, then they 
will insulate electricity perhaps a hundredfold more intense than 
that necessary for, their electrolyzation (41 o, &c.). Hence the ten- 
sion necessary for direct conduction in such bodies appearsfte be 
much higher: than that for decomposition (419* 1164. 1344.). 

1705. The remarkable stoppage of -electrolytic conduction by 
solidification (380. 1358.}, is quite consistent wnth these views of 
the dependence of that process on the polarity which* is common to 
all insulating matter when under induction, though attended by 
such peculiar electro-chemical results in the case of electrolytes. 
Thus it may be expected that the first effect of induction Is $0 to 
polarize and arrange the particles of water that the positive or 
hydrogen polemf each shall be from the p<9sitive electrode and 
towards the negative electrode, whilst the negative or oxygen pole 

wh shall be in the contrary direction ; and thus when the 
oxyl^n and hydrogen of a particl%of water liave separated, passing 
to and combining with other hydrogen. and oxygen particles, unless 
tnese new paitides of watVr c^ld turn round they could not take 
ftp that pooiticm necessary fiwr their successful electrolytic -polarizo^ 

- ' 3 E * . 
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tion. Now solidification, by fixing the water particles and pre- 
venting them firom assuming that essential preliminary pdsition, 
pievients also their electrolysis (413.) ; and so the transfer of Ibrces 
,an that manner wing prevented (184?. 1703.), the substance acts 
18' an ordinary insulating dielectric (for it is evident by former ex- 
peiimefits (419^ 1704.) that the insulating tension is higher than 
the electrolytic tension), induction through it rises to a higher 
, degree, and the polar condition of the molecules as wholes, though 
greatly exalted, is still securely maintained. 

1'706. When decomposition happens in a fluid electrolyte, I do 
not suppose that all the molecules in the same sectional plane 
,(1634.) part with and transfer their electrified particles or elements 
. at once. Probably the discharge force for that plane is summed 
up on one or a few particles, which decomposing, travelling and 
recombining, restore the balance of forces, much as in the case of 
spark disruptive discharge (1406.) ; for as those molecules result- 
ing from particles which have just transferred pt>wer must by their 
position ( 1 705.) be less favourably circumstanced than others, so 
there tnust be some which are most favourably disposed, and these* 
by giving way first, will for tlie time lower the tension ^nd pro- 
duce discharge. 

1707* In former investigations of the^ actiofi of electricity (821, 
ic.) it was shown, from many satisfactory cases, that the quantity 
of electric power transferred onwards was in .proportion to and 
was definite for a given quantity ot matter moving as anion or 
cathion onwards in the electrolytic line of action; and there was 
strong reason *to believe that each of 8lie particles of matter then 
dealt with, had associated with it a definite amount of electrical 
force, constituting its force of chemical affinity, the chemical equi^ 
valents and the-electro-chcmical equivalents being the same^ (836.). 
It was also found with few, and I may now ])crhaps say wdth no 
exceptions (1341.), that only those compounds containing elements 
in sinfle proportions could exhibit the characters and phenomena 
of electrolytes (697.) ; oxides, chlorides, and other bodies contain- 
ing more than one proportion of the electro negative element rc • 
fusing to decompose under the influence of the electric current, 

1708i Probable reasons for these conditions and limitations arise 
out of the molecular theory of induction. Thus when a liquid 
dielectric, as chloride of tin, consists of molecules, each composed 
of a single particle of each of the elements, then as these can 
convey equivalent opposite forces by their separation in opposite 
ditefetions, both decomposition and transfer can result. But wh^ 
the molecules, as in the bichloride of tin, consist of one particle or 
atom of one element, and two of the other, then the simplicity 
with which the particles may be^upposed to be arranged and to 
act, is destroyed. And, thoqgh it may be conceived that when ,tl|| 
molecules of bichloride of tin are polarized as. wholes by the in- 
duction across them, the positive polar force might accumulate on 
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the ctne partide of tin whilst the negative polar force jUM^umulated 
on the twb^particles of chlorine associated with it, and that these 
might respectively travel right and 'left to .unite With other two of 
chlorine and one of tin, in analogy with what happens in cases of 
coiepoiinds consisting of single proportions^ yet this is nof alto- 
gether so evident or probable. For when a particle of tin com- 
bines with two of chlorine^ it is difficult to conceive diat there 
should not be some relation of the three in the resulting molecule 
analogous to fixed position, the one particle of metal being per- 
haps symmetrically placed in relation to the two of chlorine : andy 
H is not difficult conceive of such particles that they could not 
assume that fflihion dependent both on their polarity and the re- 
lation of their elements, which appears to be the first step in the 
process of electrolyzation (1345. 1705.). 

* 

§.21. Relation the electric and magnetic forces. 

• 

1709, I have already ventured a few specijlations respecting the 
probable relation of Inagnetism, as the transverse force of the cur- 
rent, to the divergent or transverse force of the lines of inductive 
action belonging to static electricity (lC58, &c.). 

1710. In the further consideration of tin’s subject it appeared to 
me to be of the utmost importance to ascertain, if possible, whether 
this lateral action which we call magnetism, or sometimes the in- 
duction of electrical currents (26. 104-8, &c.), is extended to a dis- 
tance hy the action of the intermediate imrticles in analogy with the 
induction of static electricity, or the vario\is effects, such as con- 
duction, discharge, &c., which are dependent on that induction ; 
or, whether its influence at a distance is altogether independent of 
such intermediate particles (1662.). 

1711- I arranged two magnelo-eleqtric helices with iron cores 
end to end, but with an interval of an inch and three quarters 
between them, in which interval ivas placed the end or po.e of a 
bar magnet. It is evident, that on moving the magnetic pole from 
one core towards the otlier, a current would tend to form in both 
helices, in the one because of the lowering, and in the other be- 
cause of tlie strengthening of the magnetism induced in tlie, re- 
spective soft iron cores. The helices were connected together, 
and also with a galvanometer, so that these two currents should 
coincide in direction, and tend by their joint .force to deflect the 
needle of the instrument. The whole arrangement was so effec- 
tive and delicate, that moving the magnetic pole about the eighth 
of an inch to and fro two or three times, in periods equal to those 
required for the vibrations of the galvanometer needle, was suffi- 
cient to cause considerable ^dbration in the latter ; thus showing 
readily the consequence of strengthening th^ influence of the 
magnet on the one core and helix, and diminishing it on the other. 

1715i. Then without disturbing the distances of the magnet and 
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core's, plates of substances were interposed. Thus calling the twoi 
cores A and B, a plate oF sliell-lac was introduced between the 
magnetic pole and A for the time occupied by the needle in swing- 
ing one way ; then it was withdrawn for the time occupied in the 
return swing ; introduced again for another equal portion of time ; 
withdrawn for another portion, and so on eight or nine times; 
but not the least effect was observed on the needle. In other cases 
the plate was alternated, i. e. it was introduced between the mag- 
net and A for one period of time, withdrawn and introduced 
between the magnet and B for the second period, withdrawn and 
restored to its first place for the third period, and |a on, but with 
no effect on the needle. * 

1713. In these experiments in plates 0*9 of an inch in 

thickness, sulphur in a plate 0'9 of an inch in thickness, and copper 
in a plate 0'7 of an irich in thickness were used without any effect. 
And I conclude that bodies, contrasted by the extremes of con- 
ducting and insulating power, and opposed \o each other as 
strongly as metals, air, and sulphur, show iv> difference with re- 
spect to magnetic forces when placed in their lines o£ action, at 
least under the circumstances described. 

1714. With a plate of iron, or even a small piece of that metal, 

as the head of a nail, a very different effect was produced, for then 
the galvanometer immediately showed its sensibility, and the per- 
foction of the general arrangement. ^ 

1715. I arranged matters so that a plate of copper 0*2 of an inch 
in thickness, and ten inches in diameter, should have the part near 
the edge interpose<l beWeen the magnet and the core, in which 
situation it was first rotated rapidly, and then held quiescent alter- 
riately, for peilods according with thjit required for the swinging of 
the needle ; but not the least effect upon the galvanometer was pro- 
duced. 

1716. A plate of shell-lac 0-6 of an inch in thickness was ap- 
plied in the same manner, but whether rotating or not it prciduced 
no effect. 

1717. Occasionally the plane of rotation was directly acr68s the 
magnetic curve : at other^ times it was made as oblique as possible ; 
the direction of the rotation being also changed in different experi- 
ments, but not the least effect was produced, 

1718. I now removed the helices with their soft iron cores, and 
replaced them by two flal helices wound upon card board, each con- 
taining forty-two feet of silked copper wire, and having no associ- 
ated iron. Otlierwiso the arrangement was as before, and exceed- 
ingly sensible ; fpr a very slight motion^ of the magnet between the 
hdices produced ap abundant vibration of the galvanometer needle. 

1719. The introduction of plates of shell-lac, sulphur, or copper 
into the intervals between the magnet arid, these helices (1713.), 
produced not the least effect, whether the former were quiescent or 
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in rapid levolutTon .(1715.). So here no evidence of the influence 
of the intermediate particles could be obtained (1710.). 

1720. The magnet was then removed and replaced by a flat Jie- 
lix, corresponding to the two former, tlje three being parallel [to 
each other. I'he middle helix was so arranged that a voltaic cur- 
rent could be sent throughnt at pleasure. The former galvanome- 
ter was removed, and one with a double coil employed, one of the 
lateral helices being connected with one coil, and the other helix 
with the other coil, in such manner that when a voltaic current was 
sent through the middle helix its inductive action (26.) on the lateral 
helices should cause currents hi them, having contrary directions in 
the coils of the galvanometer. By a little adjustment of the distances 
these induced currents, were rendered exactly equal, and the galva- 
nometer needle remained stationary notwithstanding their frequent 
production in the instrument. I will call the middle coil C, and 
the external coils A and B. 

1721. A plate of copper 0*7 of an inch thick and six inches ' 

square, was placed between coils C and B, their respective dis- 
tances retaining unchanged ; and then a voltaic current from 
twenty pairs of 4 -inch plates was sent through the coil C, and in- 
termitted, in periods^ fitted to produce an effect on the galvanome- 
ter (171‘^-)> difference had been produced in the effect ofC 

on A and B. But notwithstanding the presence of air in one inter- 
^1 and copper in the other, the inductive effect was exactly alike 

the, two coils, and as if air had occupied both intervals. So that 
notwithstanding the facility with which any induced currents might 
form in the thick copper plate, the coil outside of it was just as • 
muejf affected by the central helix C as if no such conductor as the 
copper had been there (65.). 

1722. Then, for the copper plate was substituted one of sulphur 
0*9 of an inch thick ; still the results were exactly the same, i. e. 
there was no action at the galvanometer. 

172'?. Thus it appears that when a voltaic current in one wire is 
exerting its inductive action to prodiicg a contrary or a similar cur- 
rent in a neighbouring wire, according as the primar^’^ current is 
commencing or ceasing, it makes|||iot the least difference whether 
the intervening space is occupied by such insulating bodies as air, 
sulphur and shell-lac, or such conducting bodies as copper, and the 
other non-magnetic metals. 

1724. A correspondent effect wms obtained with the like forces 
when resident in a magnet thus. A single flat helix (1718.) was 
conne^ed with a galvahometer, and a magnetic pole placed near to 
it ; then by moving the magnet to and from the helix, or the helix 
to and from the magnet, currents were produced indicated by the 
galvanometer. 

1725. The thick copper plate (1721.) was afterwards interposed 
between the magnetic pole and the helix ; nevertheless on moving 
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these to and effects, exactly the same in direction and amount^ 
were obtained as if the copper had not been there. So also on in-* 
trodiicing a plate of sulphur into the interval, not the least influence 
on the currents produced by motion of the magnet or coils could 
be obtained. ^ * 

1726. These results, with many others which T have not thought 
it needful to describe, would lead to the conclusion that (judging 
by the amount of effect produced at a distance by forces transverse 
to the electric current, i. e. magnetic forces,) the intervening mat- 
ter, and therefore the intervening particles, have nothing to do with 
the phenomena ; or in other words, that though the inductive force 
of static electricity is transmitted to a distance hy\he action of the 
intermediate particles (1164. I666.), the transverse inductive force 
of currents, which can also act at a distance, is not transmitted by 
the intermediate particles in a similar way. 

1727- It is however very evident that such a conclusion cannot 
be considered as proved. Thus when the metal copper is between 
the pole and the helix (1715. 1719- 1725.) or between the two 
helices (1721.) we know that its particles are affected, ^id can by 
proper arrangements make their peculiar state for the time veiy 
evident by the production of either electrical, or magnetical effects. 
It seems impossible to consider this effect on the particles of the 
intervening matter as independent of that produced by the induc- 
tric coil or magnet C, on the inducteous coil or core A (1715. 
1721.); for since the inducteous body is equally .affected by tfl) 
inductric body whether these intervening and affected particles of 
copper are present or not (1723. 1725.), such a supposition would 
imply that the particles so affected had no reaction back on the 
qriginal inductric forces. I’he more reasonable conclusion, as it 
appears to me, is^ to consider these affected particles as efficient in 
continuing the action onwards from the inductric to the inducteous 
body, and by this very coniui unication producing the effect of no 
loss of induced power at the latter, 

1728. But then it may be dsked what is the relation of tlfe par- 
ticles of insulating bodies, sllich as air, sulphur, or lac, when they 
intervene in the line of magnetm action ? The answer to this is at 
present merely conjectural. 1 Imve long thought there must be a 
l^irticular condition of such bodies corresponding to the state 
which causes currents in metals and other conductors ^26. 53. 19I. 
201. 213.) ; and considering that the bodies are insulators one 
would expect that state to be one of tension. . 1 have by rotating 
non-conducting bodies near magnetic poles and poles near .them, 
and also by causing powerful electric currents to be suddenly 
formed and to cease around and about, insulators in various direc- 
tions, endeavoured to make some sAch state sensible, but have not 
succeeded. Nevertheless, as any such state must be of exceedingly 
low intensity, because of the feeble intensity of the . currents 
which are used to induce it, it may well be tliat the state may exist, 
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and may be discoverable by some more expert experimentalist, 
though I have not been able to make it sensible. 

#1729. Itappeifrsto me possible, therefore, and even probable 
that magnetic action may be communicated to a distance by the* 
action of the intervening particles, in a mftmar having a relation to 
the way in which the inductive forces of static electricity are trans- 
ferred to a distance (1677.) ; the intervening particles assuming 
for the time more or less of a peculiar condition, which (though 
with*a very imperfect idea) I have several times expressed by the 
term eleciro-tonic state (60. 242. 1114. 1661.) I boi)e it will not be 
understood that I . hold the settled opinion that such is the case. 
I would rather in fact have proved the contrary, namely, that mag- 
netic forces are quite independent of the matter intervening between 
the inductric and the indiicteous bodies ; but I cannot got over the 
diffic;olty presented by such substances as copper, silver, lead, gold, 
carbon, and even aqueous solutions (201. 2J3.J, which thougli they 
are known to assume a ])eculiar state whilst intervening between 
the bodies acting and acted upon (1727.), no more interfere with 
the final result th^n those which have as yet had no peculiarity of 
condition discovered in them. 

1730. A remark unportant to the whole of this investigation 
ought to be made here! Although 1 think the galvanometer used 
as 1 have described it (1711- 1720.) is quite sufficient to prove that 
the final amount of action on each of the two coils or the two cores 
Aj^and B (1713. 1719.) is equal, yet there is an eff'ect which weoy 
be consequent on the difference of action of two interposed bodies 
which it would not show. As time enters as an element into these 
actions* (123,), it is very possible that the induced actions on the 
helices or cores A, B, though they rise to the same degree when 
air and copper, or air and lac are contrasted as intt /veiling sub- 
stances, do not do so in the same time ; and yet, * because of the 
length of time occupied by a vibration of the needle, this difference 
may not be visible, both effects rising to their maximum in periods 
so short as to make no sensible portion of that required for a vi- 
bration*^of the needle, and so exert no visible influence upon it. 


1731. If the lateral or transverse force of electrical currents, o» 
what appears tc be the same thing, magnetic power, could be 
proved to be influential at a distance independently of the inter- 
vening contiguous particles, then, as it appears to me, a real dis- 
tinction, of a high and important kind, would be established 
between the natures of these two forces (1654. 1()64.). I xlo not 
mean that the powers are independent of each other ^nd might be 
rendered separately active, on the contrary tliey are probably 
essentially associated (1654,), ^t it by no means follows that they 

• See AtiQalOM de Cliimie, 183.3, tom. ]i. pp. 422, 428, 
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9 re of the same nature. In common statical induction^ in conduc- 
tion, and in electrolyzation^ the forces at the opposite extremities 
of the particles wliich coincide with the lines of action^ and have 
commonly been distinguished by the term electric, are polar, and 
in the cases of contignoin particles act only to insensible distances ; 
.whilst those which are transverse to the direction of these lines, 
and are called magnetic, are circumferential, act at a distance, and 
if not through the mediation of the intervening particles, have their 
relations to ordinary matter entirely unlike those of the electrical 
forces with which they are associated. 

1732. To decide this question 'of the identity or distinction of 
the two kinds of power, and establish their true relation, would be 
exceedingly important. The question seems fully within the reach 
of experiment, and offers a high reward to him who will attempt 
its settlement. 

1733. I have already expressed a hope of finding an effect or 
condition which shall be to statical electricity wliat magnetic force 
is to current electricity (1658.) If I could have proved to my own 
satisfaction that magnetic forces extended their^nfluence to a dis- 
tance by the conjoined action of the intervening particles in a man- 
ner analogous to that of electrical forces, then I shoulcLhave thought 
that the lateral tension of the lines of inductive action (1659.), or 
that state so often hinted at as the electro-tonic state (166l. 1662.), 
was this related condition of statical electricity. 

1734. It may be said that the state of no lateral action is to static 
or inductive force the equivalent of wingMCfitVwi to current force ; but 
that can only be upon the view that electric and magnetic action 
arCj in their nature essentially different (1664.V If they are the 
same power, the whole difference in the results being the conse- 
quence of the difference of direction, then the normal or undeveloped 
state of electric force will correspond with the state of no lateral 
action of the magnetic state -of the force ; the electric current will 
correspond with the lateral effects commonly called magnetism : 
but the state of static induction which is between the nornral con- 
dition and the current will still require a corresponding lateral 
condition in the magnetic series, presenting its own peculiar phe- 
nomena ; for it can hardly be supposed that the normal electric, 
and the inductive or polarized electric, condition, can both liave the 
same lateral relation. If magnetism be a separate and a higher re- 
lation of the powers developed, then perhaps the argument which 
presses for this third condition of that force would not be so strong. 

1735. I cannot conclude these general remarks upon the rela- 
tion bf the electric and magnetic forces without expressing my 
surprise at the results obtained with the copper plate (1721. 1725.) 
The experiments ■with the flat helices represent one of the simplest 
cases of the induction of electrical #irrents (1^20.) ; the effect, as 
is well “known, consisting in the production of a momentary current 
in a wire at the instant when a current in the contrary direction be- 
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gins to pass through a neighbouring parallel wire, and the produc- 
tion of an equally brief current in the reverse direction when the 
determining current i^ stopped (26.). Such being the case, it seems 
very extraordinary that this induced current whicli takes place in 
the helix A when there is only air between A and C (1720.) should 
be equally strong when that air is replaced by an enormous mass 
of that excellently conducting metal copper (1721.). It might 
have been supposed that this mass would iiave allowed of the form- 
ation and discharge of almost any quantity of currents in it, wliicli 
the helix C was competent to induce, and so in some degree have 
diminished if not altogether prevented the effect in A : instead of 
which, though we can hardly doubt that an infinity ot currents are 
formed at the moment in the copper plate, still not the smallest 
diminution or alteration of the effect in A appears (65.). Almost 
the .only way of reconciling this effect witli generally received no- 
tions is, as it appears to me, to admit that miignetic action is com- 
municated by the action of the intervening particles (1729. 1753.). 

1736. 'I'liis condition of things, wdiich is very remarkable, ac- 
cords jierfectly with the effects observed in solid helices where 
wires are coiled over wires to the amount of five or six or more 
layers in succession, no diminution of effect on the outer ones being 
occasioned by those «vithin‘. 

§ 22. Note on clvcirlcal excitation. 

1737* That the different rafides in which electrical excitement 
takes place will some day or other be reduced under one common 
law can hardly be doubted, though for the present we are bound 
to admit distinctions. It will be a great point gained when tliesc 
distinctions are, not removed, but understood. 

1738. The strict relation of the electrical and cliemical powers 

renders the chemical jnode of exciterjcnt the most instructive of 
all, aT»(l the case of two isolated combining particles is probably 
the simples^ that we possess. Here however the action is local, 
and we still want such a test of electricity as shall a])ply to it, to 
cases of current electricity, and .also to those of static induction. 
Whenever by virtue of the previously combined condition of sonic 
of the actihg particles (!)23.) we are enabled, as in the voltaic pile, 
to expand or convert tlie local action into a current, then chemical 
action can be traced through its variations to the production of all 
the phenomena of tension and the static state, these being in cycry 
respect the same as if the electric Torces producing them had been 
developed by friction. ^ 

1739 . It was Berzelius, I believe, who first spoke of the aptness 
of certain particles to assuihe opposite states wlien in presence of* 
each other (959*) • Hypotljetically we may suppose th<?se states 
to increase in intensity by increased approximation, or by heat, &c. 
until at a certain point combination occurs, accompanied by such an 

3 F 
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arrangement of the forces of the two particles between themselrea 
as is equivalent to a discharge; producing at the same time a particle 
which is throughout a conductor (1700.) 

1740. This aptness to assume an excited electrical state (which 
is probably polar in those forming non-conducting matter) appears 
to be a primary fact> and to partake of the nature of induction 
(1162.), for the particles do not seem capable of retaining their 
particular state independently of each other (1177.) or of matter in 
the opposite state. What appears to be definite about the p^cles 
of matter is their assumption of a particular state, as the positive or 
negative, in r^ati<pi to each other, and not of either one or other in- 
diflTerently ; and also the acquirement of force up to a certain 
amount. 

174L It is easily conceivable that the same force which causes 
local action between tjvo free particles shall produce current force 
if one of the particles is previously in combination, forming part of 
an electrolyte 1738.). Thus a particle of zinc, and one of 

oxygen, when in presence of each other, exert their inductive forces 
( 1740 .), and these at last rise up to the})oint of combination. If 
the oxygen be previously in union with hydrogen, it is held so com- 
bined by an analogous exertion and arrangement of the forces ; and 
as the forces of the oxygen and hydrogen are 'for the time of com- 
bination mutually engaged and related, so when the superior relation 
of the forces between the oxygen and zinc come into play, the in- 
duction of the former or oxygen towards the metal cannot be 
brought on and increased without a corresponding deficiency in 
its induction towards the hydrogen with which it is in combination 
(for the amount of foi’ce in a particle is considered as definite), and 
the latter therefore has its force turned towards the oxygen of the 
n«xt particle of water ; thus the effect may be considered as exten- 
ded to sensible distances, and thrown into the condition of static 
induefion, whicli being discharged and then removed by the action 
of other particles produces currents. 

1742 . In the common voltaic batter}^, the current i^ occasioned 
by the tendency of the zinc to take the oxygen of the w.ater from 
the hydrogen, the effective action being at the place where the 
oxygen leaves the previously existing electrolyte. But Sclioenbein 
has arrang^ a battery in which the effective action is at the other 
extremity oiFthis essential part of the arrangement, namely, where ' 
oxjgen goes to the electrolyte.* The first may be considered as a 
case where the current is put into motion by the abstraction of 
oxygen from hydrogen, the latter by that of hydrogen from oxy- 
gen. Xhe direction of the electric cuarent is in botli^cases t^ 
same. ^Vnen referred to the direction in which the elementary par- 
ticles of the electrolyte are moving (9,23. 962.), and botli are equally 

* Fhilosophicid Magazine, 1838, xii. 23^, 315. See also De la Rive’s rcsulto 
with peroxide of manganese. Annales de Chimie, 1836, Ixi. p. 40. — Dec, 1838. 
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n accordance with the hypoOietical view of ih^ inductive action of 
the particles just^escribed (1740.) 

1743. in such a view of voltaic excitement^^hie action of the 
particles may be divided into two parts, that which occurs whilst 
the force m a particle of oxygen is rising towards a partide of zinc 
acting on it, and filing towards the particle of hydrogen with 
which it is associated (this being the progressive period of the in- 
ductive action), and that which occurs when the change of associa- 
tion takes place, and the particle of oxygen leaves the hydrogen 
and combines with the zinc. The former appears to be that which 
produces the current, or if there be no current, produces die state 
of tension at the termination of the battery ; whilst the latter, by 
terminating for the time the influence of the particles which have 
been active, allows of others coming into play, and so the eflect of 
current is continued. 


1744. It seems highly probable, that excitement by friction may 
very frequently be of tli|^same character. Wollaston endeavoured 
to refer such excitement to chemical action;^- but if by cliemical 
action ultimate union of the acting particles is intended, then there 
are plenty of cases which are opposed to such a view, Davy men- 
tions some such, and for own part I feel no difficulty in admit- 
ting other means of electrical excitement than chemical action, 
especially if by chemical action is meant a flnal combination of the 
particles. 


1745. Davy refers experimentally to the opposite states which 
two particles having opposite chemical relations can assume when 
they arc brought into the close vicinity of each other, but nol al- 
lowed to eomijine'K This, I think, is the first part of the action 
already described (1743.) ; hut in my opinion it cannot give luse to 
a continuous current unless combination takes place’, so as to alldw 
other particles to act successively in the same manner, c^nd not even 
then unless one set of the particles b* present as an element of an 
electrolyte (923. 963.) ,* i, e. mere quiescent contact alone without 
chemical artion docs not in suCb cases produced a current. 

1746. Still it seems very possible that such a relafion may pro- 
duce a high charge, and thus give rise to excitement by friction. 
When two bodies are rubbed together to produce electricity in the 
usual way, one at least must be an insulator. During the act of 
rubbing, the particles of opposite kinds must be brought more or 
less closely together, the few which are most favourably circum- 
stanced being in such close contact as to be short only of that which 
is consequent upon chemical combination. At such moments they 
may acquire by their mutual induction ( 1 740.) and partial di|charge 
to each other, very exalted opposite states^ and when, the moment 
after, they are by the process of the rub removed from each other's 
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vicinity, they will, retain this state if l^th bodies be insulators, and 
exhibit them upon their complete separation. * 

1747* All th^lSrcu instances attending friction seems to me to 
favour such a view. The irregularities of form and pressure ^will 
cause that the particles of the two rubbing surfaces will be at very 
.variable distances, only a few at once being in that very close re- 
lation which is probably necessary for the development of the forces ; 
further, those which are nearest at one time will be further remov- 
ed at another, and others will become the nearest, and so by con- 
tinuing the friction many will in succession be excited. Finally, 
the lateral direction of the separation in rubbing seems to the 
best fitted to bring many pairs of particles, first of all into that close 
vicinity necessary for their assuming the opposite states by relation 
to each other, and then to remove them from each other’s iniigence 
whilst they retain that state. 

1748. It would be easy, on the same view, to explain hypotheti- 
cally, how, if one of the rubbing bodi^ be a conductor, as the 
amalgam of an electrical machine, the state of the other when it 
comes from under the friction is (as a mass) exalted ; but it would 
be folly to go far into such speculation before that already ad- 
vanced has been confirmed or corrected by fit experimental 
evidence. I do not wish it to be supposed that 1 think all excite-* 
inent by friction is of this kind ; on the contrary, certain experi- 
ments lead me to believe, that in many cases, and pcrliaps in all, 
effects of a thermo electric nature conduce to the ultimate effect ; 
and there are very probably other cause.s of electric disturbance 
infliiential at the same time, which we have not as yet distin- 
guished. ^ 

o lloifa I I usl ili/ 1 ion , 

JunCy J 838. 


In a paper which was read at the OLisgow meeting of the “ Britislk 
Association for the Promotion of Science” I had occasion to 
trace the* experiments of M. Schoenbein and others, on tlie^ 
inactivit}^ of certain metals on acids, to others, of a similar 
nature performed by Mr. Keir some fifty years ago. Since the 
rending of my paper at CJlasgow, I have been requested to insert 
Mr. Keir’s experiments in an early number of the “ Annals,” 
whifn I now do with great pleasure, as 1 think that many 
readers will lie^ inucfi interested by -becoming acquainted with 
those original experiments of Keir, which, within the last few 
years, have- commanded so much attention, as novelties emanat- 
ing from the labrmrs of other experimentors. W, S. 
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hllL-^Experimenis and Observations on the Dissolution of Metals 
in Acids-, and their Predications : with an Aomuni of a New 
Compound Acid Menstrum useful in some mechanical operations of 
pWting metals. By James Keir, Esq., F.R.S. ^Abridgement 
of the Philosophic^ Transaction of the Royal Society of London 
fi)r the year X790-) 

In the following paper^ says Mr. Keir« I intend to relate two 
sets of experiments : one, showing the effects of compounding the 
vitriolic and nitrous acids in dissolving metals: and the other, 
describing some curious appearances which occur in the precipita- 
tion qfj^ lver from its solution in nitrous acid by iron, and by some 
othcfljjjjMtance^ In a subsequent paper I hope to continue the 
subj^Hr metallic dissolution ^ and precipitation, first, by adding 
some experiments on the quantities and kind» of gas produced by 
dissolving different metals in different acids, under various circum- 
stances : 2ndly, by submitting certain general propositions, which 
seem deducible from the facts related ; and lastly, by concluding 
with some reflections relative to the theory of metallic dissolution 
and precipitation. 

I 

Part 1. — On the effects of Comppundiug the Vitriolic and Nitrous 
Acids, under varimis circumstances, on the dissolution of metals, 

§ 1 . — On the Mixture of Oil of Vitriol and Nitre. — 1 . The pro- 
perties of the several acids, in their separate states, have been in- 
vestigated M'ith considerable industry and success : and those of 
one compound, aqua regis, are well known, on account of its fre- 
quent use in dissolving gold : yet not only various other coml^na- 
tions of different acids remain to be examined ; ♦but also thft 
changes of properties to which these mixed acids are subject, from 
the difference of circumstances, especially those of concentration, 
temperature, and of that quality which is called, properly or im- 
properly, phlbgistication, are subjects still open for inquiry. • ' 

2. As*I shall have frequent occasion to speak of phlogistication 
and dephlogistication of acids, I wish to premise, that by these 
terms I mean only certain states or qualities of those bodies, but 
without any theoretic inference. Thus vitriolic acid may be said 


* The English word solution has two significations in chemistry; one ex- 
pressive of the act of dissolving, as when wo sa}', that, solution is a chemical 
<»peration;" and the other, denoting the substance dissolved in its solvent, as, 
a solution of silver in nitrous acid.” The French language Is equally equi- 
vocal, as the word “ di solution” 0 used in both the above-mentioned senses. 
In treating on this subject, in which both meanings were very frequently re- 
quired, sometimes in the sumo 8enteui:e, I could not but he sensible of confusion 
in the style, and I have therefore confined the word solution to express the 
substance dissolved together with its solvent, and Ihe word dissolution to doiiofe 
the act of dissohiug. 
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to be pfalogistiCatecl by addition of sulphur or other inflammable 
matter, by which it is converted into sulphurous acid, without 
determining witether this change be caused by the addition of the 
supposed principle phlogiston, as one set of philosophers h^eve, 
or by the action of the added inflammable substance in dffiving 
from the acid a portion of its aerial principle, by which the sul- 
phur, its other element, is made to predominate, as others have 
lately maintained. It were much to be wished that we had words 
totally unconnected with theory ; that chemists, who differ from 
each other in some speculative points, may yet speak the samelan^ 
guage, and may relate their facts and observations, without having 
our attention continually drawn aside from these, to the different 
modes of explanation which have been imagined. Bui atnreaent 
we have only the choice of terms between words derivedJ|||||p the 
ancient theory, and those' which have been lately propos^HI^ the' 
opposers of that theory. In this dilemma I have preferred the use 
of the former, not that I wish to show any predeliction to either 
theory, but because that system, having long been generally adopted, 
is understood by all parties : and principally because, by using the 
words of the old theory, I am at liberty to define them, and to give 
significations expressive merely of parts, and of the actual state of 
bodies ; whereas tlie language and theory oflthc antiphlogistic che- 
mists being interwoven and adapted to each other, the former can- 
not be divested of its theoretical reference, and therefore seems in- 
applicable to the mere exposition of facts, but ought to be reserved 
solely for the explanations of the doctrines from which this lan- 
guage is derived. Thusj by the definition before mentioned of pho- 
gistication, this word expresses not the presence or existence of an 
hypothetical principle of Inflammability, but a certain well known 
quality of acids and of other bodies, communicated to them by the 
‘addition of fnany actually inflammable substances. Thus, nitrous 
acid acquires a phlogisticated quality by addition of a little spirit of 
wine, or by distillation with any inflammable substance. 

^ 3. No two substances are morf frequently in the hands of che- 
mists and artists than vitriolic acid and nitre, yet I have fouAd, that 
a mere mixture of these when much concentrated, possess properties 
which neither the vitriolic acid nor the nitrous, of the same degree 
of concentration, have, singly, and which could not be easily de- 
duced, d priori, by reasoning from our present knowledge of tl^ 
theory of chemistry. 

4. Having found by some previous trials that a mixture composed 
of nitre dissolved in oil of vitriol was capable of dissolving silver 
easily and copiously, while it did not affect copper, iron, ]ead,regulus 
of cobalt, gold, platina, I conceived, #iat it might be useful in some 
cases of the parting of silver from copper and the other metals above 
mentioned ; and liaving also observed, that the dissolving powers of 
the mixture of vitriolic and nitrous acids varied greatly in different 
degrees of concentration, and plilogistication, I thought that an in- 
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vestigation of these effects might be a subject fit. for philosophical 
cheanistry, and might tend to illustrate the theory of the dissolution 
of metals in adds. 4 With these views I made the fdHowing experi- 
ments: — 

5. 1 put into a long necked retort> the contents of which,- including 
the neckj were 1400 grain measures, 1 00 grain measures of oil of 
vitriol of the usual density at which it is prepared in England, that 
is, whose specific gravity is to that of water as 1*844 to 1, and 100 
grains of pure and clear nitre/which was then dissolved in the acid 
by the heat of a water-bath. To this mixture 100 grains of stan- 
dard silver were added ;*the retort was set in a water-bath, in which 
the water was made to boil, and a pneumatic apparatus was applied 
to catch any air or gas which might be extricateci. — The silver began 
to disai^e, and the solution became of a purple or violet colour, no 
air was thrown into the inverted jar, excepting a little of the com- 
mon air of the retort, by means of the expansibn which it suffered 
from the heat of the water-bath, and from some nitrous fumes 
which appeared in the retort, and which having afterwards con- 
densed, occasioned the water to rise along the neck of the retort, 
and mix with the solution ; the remaining silver was then separated 
and weighed, and it was found that 39 grains had been dissolved : 
but probably more woxld h^e been dissolved if the operation had 
not been interrupted by the water rushing into the retort. 

‘ 6. In the same apparatus 200 grains of standard silver were 
added to a mixture of 100 grains of nitre, previously dissolved in 
200 grain mea'sures of oil of vitriol ; and in this solvent, 92 grains 
of the silver were dissolved, without any production of air or gas. 
'Fhe solution, which was of a violet colour, having been poured out 
of the retort whilst warm (for with so a large a portion of nitre, 
such mixtures, especially after having dissolved silvciji are apt ta 
congeal with small degrees of cold in order to separate the imdis- 
solved silver from it, and having been returned into the retort with- 
out this silver, I poured 200 grains of water into the retort, on which 
a strong effervescence took place between the solution and the water, 
and 3100 grain measures of nitrous gas were thrown into the in- 
verted jar. On pouring 200 grains more of water into the retort, 
600 grain measures ol the same gas were expelled. F urther addi- 
tions of water yielded no more gas; neither did the silver,* when 
afterwards added to this solution, give any sensible effervescence, 
or suffer a greater loss of weight than two grains. 

7. In the same apparatus 100 grains of standard silver were ex- 
posed to a mixture of SO grains of nitre dissolved in 200 grain mea- 
sures of oil of vitriol ; and in this operation 80 grains of silver 
were dissolved, while at thd^ same time, 4.500 grain measures of 
nitrous gas weie thrown into t^e inverted jar. When the undis- 
solved silver w as removed, 200 grains of water were added to the 
solution, which was of a violet colour, anJ on the mixture of the 
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two fluids an effervescence happened ; but only a few bubbles of 
nitrous gas were then expelled. 

8. In the same a])paratus 100 grains of standard silver were ex- 
posed to a mixture of 200 grain measures of oil of vitriol, 200 grains 
of nitre, and 200 grains of water : and in this operation 20 grains 
of the silver were dissolved without any sensible emission of air or 
gas. • 

9* In these experiments, the copper contained in the standard 
silver gave a reddish colour to the saline mass which was formed 
in the solution, and seemed to be a calx of copper interspersed 
through the salt of silver. I peVceived no other difference between 
the effects of pure and standard silver dissolved in this acid. 

10. I then exposed tin to the same mixture of oil of vit^l and 
nitre, in the same apparatus, and in the same circumstances, taking 
care always to add 'more raetal than could be dissolved, that, by 

* weighing the remainder, the quantity capable of being dissolved 
might be found, as I had done witli the experiments on silver ; and 
the results were as follow : — 

1 1. No tin was dissolved nor calcined by the mixtures in the pro- 
portion of 200 grain measures of oil of vitriol to 200 grains of nitre : 
nor by any other mixture in the proportion^of 200 grain measures 
of oil of vitriol to 1 50 grains of nitre, and consequently no gas was 
produced in eithei; instance. 

12. With a mixture in the proportion of 200 grain measures of 
oil of vitriol and 1 00 grains of nitre, the tin began soon to be acted 
on, and to be diffused through the liquor ; but no extricatiqn of gas 
appeared till the digestion liad* been continued two hours in boiling 
water ; and then it took place, and gave a frothy appearance to the 
^nixture, whk’h was of an opaque white colour, from the ponder of 
tin being diffused among it. In this experiment, the quantity of 
tin thus calcined was 7S gvains, and the quantity of nitrous gas ex- 
tricated during this action on the tin, was 8500 grain .measures. 

hen, on pouring 200 grains of \/atcr into the retort^- a fresh effer- 
vescence look place between the water and the white opaque white 
mass, and 4600 grain measures of nitrous gas were thrown into the 

inverted receiver. 

• 

13. With a mixture in the proportion of 100 grain measures of 
oil of vitriol to 30 grains of nitre, 30 grains of tin were dissolved 
or calcined, and the nitrous gas, which began to be extricated much 
sooner than in the last mentioned experiment with a larger propor- 
tion of nitre, amounted to G300 grain measures. Water, added to 
this solution of tin, did not produce any effervescence. 

14. With a mixture in the proportion of 200 gram measures of 
oil of vitriol, 200 grains of nitre, and 200 grains at water, 133 grains 
of tin were acted on ^ith an effervescence; which took place 
violently, and produced 6500 grain measures of nitrous gas. 
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15. The several mixtures above mentioned^ in different proper- 
tions of nitre and oil of vitriol> did, by the help of the heat of the 
water-bath, calcined mercury into a white or grayish powder. Nic- 
kle was also partly calcined and partly dissolved by these mixtures. 

I did not perceive that any other metal was affected by them, ex- 
cepting thdt the surfaces of some ot them were tarnished. 

16. These mixtures of oil of vitriol and nitre were apt to congeal 
by cold, those especially which had a large proportion of nitre thus, 
a mixture of 100 grain measures of oil of vitriol and 480 grains of 
nitre, after having kept fluid for several days, in a phial not so ac- 
curately stopped as to prevent altogether the escape of some white 
fumes, congealed at the temperature of .'JS® of Fakrenheifs ther- 
mometer : whereas some of the same liquid, having been mixed 
with equal parts of oil of vitriol, did not congeal with a less cold than 
45®. The congelation is promoted by exj)osure to air, by which 
white fumes rise, and moisture may be absorbed, or by any other 
tnode of slight dilution with water. 

17. Dilution of this compound acid, with more or less water, 

alters considerably its properties, with regard lo its action on metals. 
Thus it has been observed, that in its concentrated state it does not 
act on iron : but by .adding water, it acquires a power of acting on 
that metal, and with ^iffere*nt effect according to the proportion of 
the water added. Thus, by adding to two measures of the com- 
pound acid one measure of water, the liquor is rendered capable of 
calcining iron, and forming with it a white powder, but without 
effervescence. With an equal measure of water effervescence is 
produced. With a larger projun'tion of water the iron gave also a 
brown colour to the liquor, such as phlogisticated nitrous acid ac- 
quires from iron, or communicates to a solution of martial vitriol 
in waiter. • • ■ 

18. Dilation witli water renders this compound acid capable of 
dissolving copper and zinc, and probably those other metals whicli 
are subject to the action of the dilute vitriolic or nitrous acid. 


§ 2. An account of a, new process for separating silver from 
copper , — 1 IK The properties of this licpior, in dissolving silver easily, 
without acting on copper, have rendered it capable of a very useful 
application in the arts. Among the manufacturers at Birmingham, 
that of making. vessels of silver jdatedon eopj)cr is a very consider- 
able one. *ln cutting out the rolled plated metal into j)ieces of the 
required formes and sizes, there are many shreds, or scraj^s as they 
are called, unfit for any purpose but the recovery of the metals, by 
separating them from each other. The easiest and most economical 
method of parting these two njetals, so as not to lose either of them, 
is an object of some consequence to the manufacturers. For tiiis 

3 O' 
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purpose two inodes were practised ; Isi, by melting the whole of the 
mixed metals with lead^ and separating them by eliquation andtest- 
ing ; & 2nd, by dissolving both metals in oil of vitriol, with the help 
of heat, and by separating the vitriol of copper, by dissolving it in 
water, from the vitriol of silver, which is afterwards to be reduced 
and purified. In the first of these methods, there is a considerable 
waste of lead and copper ; and in the second, the quantity of 
vitriolic acid employed is very great, as much more is dissipated in 
the form of volatile vitriolic, or sulphureous acid, than remains in 
the composition of the two vitriols. 

Some years ago I communicated to an artist the method of af- 
fecting the separation of silver from copper by means of .the above 
mentioned compound of vitriolic acid and nitre ; and, as I am in- 
formed, that it is now commonly practised by the manufacturers in 
Birmingham, I have no doubt but it is much more economical, and 
it is certainly much •mor<; easily executed, than any of the other 
metiiods ; lor notliing more is required than to put the pieces of 
plated metal into an earthen-glazed pan, to jiour on them some of 
the acid liquor, which may be in the proportion of S or 10 lb. of 
oil of vitriol to 1 lb. of .nitre : to stir them about, that the surfaces 
may frequently be exposed to fresh liquor, and to assist the action 
by a gentle heat from 100^ to 200^' of Faharjimheit's scale. When 
the liquor is nearly sHtiiratcJ, the silver is to be precipitated from it 
by common salt, wliich forms a hina cornea, easily reducible by 
melting it in a crucible with a sufficient quantity of potash ; and 
lastly, by refining the melted silver, if iiccessary, with a little nitre 
thrown on it. In this uiaTinor the silver will be obtained sufficiently 
pure, and the copper will icmain unchanged. Otherwise, the silver 
may be precipitated in its nietalic state, by adding to the solution 
of silver a few pieces of copper, and a suflieient quantity of water to 
enable the liquor to act on the copper, 'i’he property which this 
acid mixture possesses of dissolving silver with great facility, and 
in considerable quantity, will probably render it a useful menstruum 
in the separation of silver from other metals ; and as tjje alchemists 
have distinguished the peculiar solvent of gold under the fitle of 
aqua regis, a name s.ifficicntly distinctive, though Ibunded on a 
fanciful allusion ; so, if they had been acquainted with the proper- 
ties of this compound, they would probably have bestowed upon it 
the appellation of mpia regina\ 

§3. — The change of properties comimm'icaicd to the imjcLure"qf 
vitriolic and nitrous acids hij phlo^isti^aiiou — 20. The above de- 
scribed compound acid may be phlogistigated by different -methods, 
of which I shall mention three. First, By digesting the com- 
pound acid with sulphur by means of flie heat of a water bath, the 
liquor dissolves the sulphur with effervescence, loses its property 
of yielding white fumes ; and if the quantity of sulphur be suffi- 
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cient^ and- if the heat applied be long enough continued^ it exhibits 
red nitrous vapours^ and assumes a violet colour. 

Secondly— If, instead of dissolving nitre in concentrated vitriolic 
aerd, this acid be impregnated with nitrous gas, or with nitrous 
vapour by making this gas, or vapour, pass into the acid, this 
compound will be phlogisticated, as it contains but only its phlo- 
gisticated part, not the entire nitrous acid, or element, the nitrous 
gas, without the proportion of pure air is necessary to constitute 
an acid. This impregnation of oil of vitriol with nitrous gas, or 
nitrous vapour, was first described, and some of the properties of 
the impregnated liquor noticed, by Dr. Priestly. (See Exp. and 
Obs. on Air, vol. 3, p. 129 and 217-) Thirdly, I5y substituting 
nitrous ammoniac instead of nitre in the mixture with oil of vitriol. 

21. The compound prepared by any of these methods, but espe^ 

cially by the first and second, differs conside|;ably in its properties 
with regard to its action on metals from the acid described in the 
'first section. It has been observed, that the latter compound has 
little action on any metals but silver, tin, mercury, and nickel. 
On the other hand, the phlogistcd compound not only acts on 
these, but also on several others It forms with iron a beautiful 
rose-coloured solution, without application of any artificial heat: 
and in time a rose-cotoured saline precipitate is deposited, which is 
soluble in water with considerrble effervescence. It dissolves cop- 
per, and acquires from this metal, and also from regulus of cobalt, 
zinc, and lead, pretty deep violet tinges. Bismuth and regains of 
antimony were also attacked by tliis jihlogisticated acid. To ascer- 
tain more exactly the effects of this phlogisticated acid on some 
uietals, 1 made the following experimen;s, with a liquor prepared 
by making nitrous gas pass through oil of vitriol during a consider- 
able time. • • 

22. To 200 grain measures of the oil of vitriol impregnated with 
nitrous gas, put into a retort with a long neck, the capacity of whicli, 
ii^luding tlic neck, was 1150 grain-measures, 1 added 114 grains 
or stajidard iilvcr, and immers^vl the mouth of the retort in water, 
under an inverted jar filled with \iat(T, to catcli^lie gas wiiich might 
be extricated, "J'he acid began to dissolve the silver without the 
application of heat ; the solution became of a violet colour, and the 
quantity of nitrous gas received in the inverted jar was 14,700 
grain measures. On weighing the silver remaining, the quantity 
which had been dissolved was found to be 70 grains. When water 
was added to the solution, an effervescence appeared, but only a 
very small quantity of gas was extricated. By means of water, a 
white saline powder of silver, soluble in .a larger quantity of Avater, 
was precipitated from the solution. The solution of silver, when 
saturated and undiluted, congeals readily in cool temperature, anil 
when diluted to a certain degree with water, gives i'oliateil eryj^tals. 

23. In the same ap])aratiis, and in the same manner, lOO gr.in* 
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measures of xhis impregnated oil of vitriol were applied to iron. 
An effervescence appeared without the application of heat, the sur- 
face of the iron acquired a beautiful rose-colour or redness mixed 
with purple ; and this colour gradually pervaded the whole liquor, 
but disappeared on keeping the retort some time in hot water. 
Notwithstanding a considerable apparent effervescence, the quantity 
of air expelled into the inverted jar was only 400 grain measifres, 
of which onc-fourth was nitrous, and the rest phlogisticated. Tlie 
solution was then poured out of the retort, and the iron was found 
to have lost 2 grains in weight The solution was returned into 
the retort without the iron, and 200 grains of water were added to 
it ; on which a white powder was immediately precipitated, which 
re-dissolved with great effervescence. When 2000 grain measures 
of nitrous gas had been expelled into the inverted jar, without appli- 
cation of heat, the retort was placed in the water-bath, the heat of 
which rendered the effervescence so strong, that the liquor boiled 
over the neck of the retort, so that the quantity of gas extricated 
could not be ascertained. 

24. In the same maiin^r 1 1 grains of copper were dissolved in 
100 grain measures cf impregnated oil of vitriol. The solution was 
of a deep violet-colour, and at last was turbid. The quantity of 
nitrous gas expelled into the inverted jo'r during the operation was 
4700 gfain measures. When the copper was removed, and 200 
grains of water were added to the solution, an effervescence took 
place, 1700 grain measures of nitrous gas were expelled, and the 
solution then acquired a blue-colour. 

25. In the same apparatus and manner, 100 grain measures of 
the impregnated oil of vitriol were applied to tin, which was thence 
diminished in weight 16 grains, while the liquor acquired a violet- 
cclour, became turbid by the suspension of the calx of tin, and a 
quantity of nitrous gas was thrown into the inverted receiver equal 
to 4] 00 grain measures, without application of heat, and another 
quantity equal to 4000 grain measures, after the retort was put inj^o 
a water-batii. 

2C. Mercury adebd to the Impregnated oil of vitriol formed a 
thick white turbid liquor, which was rendered clear by addition of 
unimpregnated oil of vitriol. In a little time this mixture continu- 
ing to act on the remaining mercury acquired a purple-colour. 
The mercury acted on, sunk to the bottom of the glass in the form 
of a white powder, and the purple liquor, when mixed with a solu- 
tion of common salt in water, gave no appearance of it containing 
any mercury in a dissolved state. 

27. The nitrous gas with which the oil of vitriol is impregnated 
shows no disposition to quit the acid by exposure to air ; but, on 
adding water to the impregnated acid, tne gas is expelled, suddenly 
with great effervescence, and with red fumes, in consequence of its 
mixture with the ntmospherical air. In adding 2 1 0 grains of water. 
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to 60 grain measures of impregrmted oil of vitriol, 2300 grains of 
nitrous gas were thrown into the receiver ; but as the action of the 
two liquors is instantaneous, the quuntity of gas expelled from the 
retort before its neck could be immersed in water, and placed under 
the receiver, must have been considerable. The whole of the gas, 
however, was not extricated by means of the water, for the re- 
maining liquor dissolved 5 grains of copper, while 800 measures of 
nitrous gas were thrown into the reti»rt, (probably the receiver.) 

28. The following facts principally are established by the pre- 
ceding experiments. 1. That a mixture of the vitriolic and nitrous 

, acids in a concentrated state, has a peculiar faculty of dissSolving 
silver copiously. 2. That it acts on, and principally calcines, tin, 
mercury, and nickel : the latter of which, how^ever, it dissolves in 
small quantity : and that it has little or no action on other metals. 

That the quantity of gas produced while the metal is dissolving 
is greatei? relatively, to the quantity of nietjd dissolved, when the 
proportion of nitre to the vitriolic acid is small, than when large : 
and that wljen the metals are dissolved by mixtures, containing 
much nitre, and w'ith a small production of gas, tlie soliitit'n itself, 
or the metallic salt formed in it, yields abundance of gas when 
mixed with water. 4. That dilution w'ith water renders the con- 
centrated mixture lesi capatrte of dissolving silver, hut more capa- 
ble of acting on other metals. 3. this mixture of highly 

concentrated vitriolic and nitric acids, acquires a ])nrple or violet 
colour when phlogisUcated, either by addition of inflammable sub- 
stances, as sulphur, or by its actions on metals, or by very strong 
impregnation of vitriolic acid with nitrous gas.* (), That this 
phlo^isti cation was found to communicate to the mixture the power 
of dissolving, though in small quantities, copper, iron, zinc, and 
the regulus of cobalt. 7. That w^ater expels from a highly phlo- 
gisticated mixture of concentrated vitriolic and nitrous acids, or of 
oil of vitriol impregnated with nitrous gas, a great part of its con- 
tained gas ; and that therefore this gas is not capable of being re- 
tained in such quantity by^dilute as by concentrated acids. Water 
unites' with tlie mixture of vitriol and nitre, without any consider- 
able effervescence. '* 

29 . .To these observations I shall subjoin one other fact, namely, 
that when, to the mixture of oil of vitriol and nitre, a satuiated 
solution of common salt in water is added, a powerfi# aqua regis is 
produced, capable of dissolving gold and platina ; and this aqua 
regis, though composed of liquors perfectly colourless and free from 
all metallic matter,’ acquires at once a bright and deep yellow co- 
lour, The addition of dry common salt to the concentrated mix- 
tures of vitriolic and nitrous acids produces an effervescence but 
not the 3 "ellow colour ; for, the production of which tliereforc a 
certain proportion of .water seehis to be necessary. 

• r»r. TnesUry 1ms noticed this coloiu conimunicatril to oil of vitind !•>' ini|>icf'ii.'ili*'>' " dli 
C'CiMitc prodiu'cil hv mldiim I" tlu-' 
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Part 2. — On the precipitation of Silver from Mtrous Acid by Iron. 

§ 1. Bergman relates^ that on adding iron to a solution of silver 
in nitrous acid, no precipitation ensued ; though the affinity of iron 
iQ acids generally is known to be much stronger than that of silver; 
and though, even with regard to the nitrous acid, other experiments 
evince die superior affinity of iron ; for as iron precipitates copper 
from thi^ acid, and as copper precipitates silver, we must infer the 
greater affinity of iron than silver. In the course of his experi- 
ments, however, some instances of precipitation occurred, which he 
attributed to the peculiar quality of the irons which he employed.* 
1 was desirous of discovering the circumstances, and of investigat- 
ing die cause, of this irregularity and exception to the generally 
received laws of affinity. 

2. I digested a piece of 6ne silver in pure and pale nitrons acid, 
and while the dissolution was going on, and before the Ihturation 
was completed, I poured a portion of the solution on a piece of 
clean and newly-scraped iron wire into a wine glass, and observed 
a sudden and copious precipitation of silver. The precipitate was 
at first black, then it assumed the appearance of silver, and was 
five or six times larger in diameter than the piece of iron wire 
which it enveloped. The action of the acid cxi the iron continued 
some little time, and then it ceased ; the silver redissolved, and the 
liquor became clear, and the iron remained bright and undisturbed 

* llerpiroaTi tned many diflei'But kinds of iron, and he thought he f oan d two that were CBpa> 
ble of preciiiitat'mg silver. But as he did not discover the circumstances according to which the 
precipitation sometimes docs, and at other times does not happen, he may have been mistake*^ 
with legard to the peculiar quhlity of these two kinds of iron. At least the several kindli which 
1 have tried always precipitated silver in ceitain circumstances, and always failed to precipitate 
ill. rerlain other circrmstiinces. 1 do nut know any other author who has mentioned this sub' 
ject, excvplJiigMr, Kirwan, who, in the conedusion of his valuable papers on*thc attractive 
powers on mineral acids, says 1 have always found silver to be easily precipitated from its 
solution in the iiiti'ous acid by iron, llic sum of the quiescent affinities being 625, and that of 
t he diveUent 746. Yet Mr. Bergman observed, thi^t a very .saturated solution of silver was very 
difficultly precipitated, and only by some sorts of iron, eveh though the solution was^diluted 
and an access ol acid added to it. Tl\e leasou of this eurious phenomenon appears to me to be 
deduciblo from a ciivuinstunce first observed b y Scheele. in dissolving mercury, namely, that the 
nitrous ai'id when saturated with it will take up more of it in its metallic form. The same thing 
happens in dissolviim silver in the nitrous acid in a strong heat ; for, as 1 before remarked, the 
1 ast portions of silvCT thrown in afl'ord no air, and aonsequently are not dephlogisticated. Now 
this compound of calx of silver, and silver in its metallic form, may well bo unprecipitable by 
iron, Uio silver in its metallic form preventing the calx from coming into contact with the iron, 
and extracting phlogiston from it." In this paper 1 shall not enter into the explanation of these 
appearances; but J tbnught it accessory to premise that what so eminent a chemist as Mr. 
Kirwan has suggested on Die subject, that the reader may see at once the present state of the 
question. I shall only remark tiiat tlie above explonutioq, not being founded on any peculiarity 
in the nature of ii-on, seems to suppose that tho silver is also incapable of being piecipitated 
from such solutions as iron, <‘amiot act on by any other metal. But this is not the case; copper 
and zinc readily piecipitnte '^jlvcr from these solutions. 
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in the solution at the bottom of the wine glass, where it continued 
during several weeks, without suffering any change, or effecting 
any precipitation of the silver. ^ 

' 3. When the solution of silver was completely saturated, it was 
no longer affected by iron, according to Bergman's observation. 

4. Having found that. the solution acted on the iron, and was 
thus precipitated, before it had been saturated, ami not afterwards, 
I was desirous of knowing, whether the saturation was the circum- 
stance which prevented the action and precipitation. For this pur- 
pose I added to a portion of the saturated solution «ome of- the 
same nitrous acid, of which a part had been employed to dissolve 
the silver ; and into this mixture, abounding with a superfluous 
.acid, I threw a piece of iron, but no precipitation occurred. It 
was thence evident that the saturation of the acid was not the only 
circumstance which prevented the precipitation. 

5. To another portion of the saturated solution of silver I added 
some«red smoking nitrous acid ; find I found, on trial, that iron 
precipitated the silver from this mixture, and that the same appear- 
ances were exhibited as had been observed with the solution before 
its saturation. ^ 

6. The same effects were produced when vitriolic acid was added 
to the saturated solution of silver, and iron afterwards applied. 

7. To some of the same nitrous acid, of which a part had been 

employed to dissolve the silver,' I added a piece of iron ; and while 
the iron was dissolving I poured into the liquor some of the satu- 
rated solution of silver, on which a precipitation of silver look 
place instantly ; though when the same acid had been previously 
mixed with the solution of silver, and the iron was then added to 
the mixture, no precipitation had ensued. • * 

8. The quantity of vitriolic acid, or of the red fuming nitrous 
acid, necessary to communicate to the saturated j^solution of silyer 
the property of being acted on by iron, varies according to the 
conceatratiofl, and to the degree of phlogistication. of the acids 
added ; so that a less quantity than is sufficient does not produce 
any apparent effect. Yet, when the solution is by the addition of 
these acids brought nearly to a precipitable state, the addition of 
spirit of wine will, in a little time, render it capable pf acting on 
iron. 

9- It appears then, that a solution of silver is not precipitated by 
iron in the cold, unless it have a superabundance of phlogisticated 
acid.* 

* It was said, at section four, that the addition of dephlogislicatcd nitrous acid to a saturat. 
cd solution of silver did not render this solutaou preoipitable by ii'ou. Vet, as this acid dissolves 
iron, such a quantity maybe added, as to overcome the counteracting quality of the solution of 
silver, 80 that the acid shall be able to act on the iro i ; and while tins metal is dissolving, it 
l*^96wticate8 the mixture, which then becomes capable of being precipitated, ond i*. in fact re- 
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llQ. Heat affects the action of a solution of silver on iron; for 
if iron be digested with heat, in a perfectly saturated solution of 
silver; such as a solution of crystals of nitre of silver in water, the 
silver will be deposited ih its bright metallic state on different parts 
of the iron, and the iron which has been acted on by the solution 
appears in the form of a yellow ochre. 

11. Bergman relates, that he has sometimes observed beautiful 
crystallizations or vegetations of metallic silver formed on pieces 
of iron immersed long in a solution of silver, I have found that no 
trial is able to effect thfs deposition, unless the solution be in a 
State nearly sufficiently phlogisticated to admit of a precipitation by 
iron, but not completely phlogisticated enough to effect that pur- 
pose immediately. 

12. Dilution with a great deal of water seemed to dispose the 
solutions of silver to 6e precipitated by iron more easily. A solu- 
tion of silver, which did not act. on iron, on being very much dilu- 
ted, and having a piece of iron immersed in it, during several jjours, 
g^ve a precipitate of silver in the form of a black powder. 

§ 2. On the alterations which iron or Us surface undergoes hy (fie 
action of a solution of silver in nitrous acj'l, or of a pure concentrated 
nitrous acid. — 13. It has been said, that when iron is exposed to 
the action of a phlogisticated solution of silver, it instantly precipi- 
tates the silver,' is itself acted on or dissolved by the acid solution 
during a certain time, longer or shorter, according to the degree of 
phlogistication, quantity of superabundant acid, and other circum- 
stances, and that at length the solution of the iron ceases ; the 
silver precipitate is redissolved, if there is superfluous acid ; the 
liquor becomes clear again, but only rendered a little browner by 
having dissolved some iron ; while the piece of iron remains bright 
and undisturbed at the bottom of the liquor, where it is no longer 
able to affect the solution of* silver. 

I poured a part of the phlogisticated solution of silver which 
had passed through these changes, and which had ceased id act on 
the piece of iron, into another glass, and dropped another piece of 
iron wire into the liquor ; on which I observed a jirecipitation of 
silver, a solution of part of the iron, a redissolution of the precipi- 
tated silver, and a cessation of all these phenomena, ivith the iron 
remaining bright, and quiet at the bottom of the liquor, as before. 
It appeared then, that the liquor had not lost its power of acting 


(ludod tti tlie same cirrumstaiiocs us oro tlesciibed ut section 7. The limits oJ‘ the quantities 
which produce obaii^cs camaot )>e ascertaiucJ, because they depend on the deforces of concentra. 
tiou and phlogistication of the substances employed . and thcreforo, whenever a chauge is said 
to be produced by a certain su>>stance, it means IbatSt may he produced by some pi-oportion, hut 
(toes not imply liy every proportion, of tluit substance. Without attandiug to these considora 
tions, persons trying h* repeal the experiments mentioned in this paper vill be liable to bo 
deceived. 
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on fresh iron, though it ceased to act on that piece which had been 
exposed to it. 

one of the pieces of iron which had been employed in 
the precipitation of a solution of silver, and from which the solu- 
tion, no longer capable of acting on it, had been poured off, I added 
' some phlogisticated solution of silver, which had never been exposed 
to the action of iron, but no precipitation happened. It appeared 
then, that the iron itself, by having been once employed to precipi- 
tate a solution of silver, was rendered incapable of any further 
action on any solution of silver. And it is to be observed, that 
this alteration was produced without the least diminution of its 
metallic splendour, or change of colour. The alteration however, 
was only superficial, as may be supposed ; for by scraping off its 
altered coat, it was again rendered capable of acting on a solution 
of silver. To avoid circumlocution, I shall call iron thus affected, 
altered iron ; and iron which is clean, and has not been .altered, 
fresh iron. 

16. To a phlogisticated solution of silver, in which a piece of 
bright altered iron lay, without action, I added a piece of fresh iron^ 
which was instantly, enveloped with a mass of precipitated silver, 
and acted on as usual ; butj'^hat is very remarkable, in about a 
quarter of a minute, or less, the altered iron was suddenly covered 
with another coat of precipitated silver, and was now acted on by 
the acid solution like \\\q fresh piece. In a little time the silver 
precipitate was redissolved, as usual, and tlie two pieces of iron 
were reduced to an altered state. When a fresh piece was then 
held in the liquor, so as not to touch the two pieces of altered iron, 
tliey were also soon acted upon by the acid solution, and suddenly 
covered with silver precipitate as before; and these phenomena m^ 
be repeated with the same solution of silver, till the superfluous acid 
of the solution becomes saturated by tjie iron, and then the disso- 
lution of the precipitated silver must cease. 

17*-I poured some dephlogisticated nitrous acid on a piece of 
altered irony without any action ensuing, although this acid readily 
acted on fresh iron ; and when, to the dephloglsticated nitrous acid, 
with a piece of altered iron lying immersed in it, I added a piece 
of fresh iron, this immediately began to dissolve, and soon after- 
wards the altered iron was acted on also by the acid. 

18. On a piece of altered iron I poured a solution of copper in 
nitrous acid ; but the copper was^ not precipitated by the iron ; 
neither did this iron precipitate copper from a solution of blue 
vitriol. 

1 9. Altered iron was acted on by a dilute phlogisticated nitrous 
acid ; but not by a red concentrated acid, which is known to be 
highly phlogisticated. 

^0. 1 put some pieces of clean fresh iron wire into a concentrated 

3 H 
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and red fuming nitrous acid. No apparent action ensued, but tlie 
iron was found to be altered in the same manner as it is by a solu- 
tion of silver ; that is, it was rendered incapable of being att|||)ced 
either by a phlogisticated solution of silver^ or by dephlogisti^ted 
nitrous acid. 

21. Iron was also altered by being immersed some little time in 
a saturated solution of silver, which did not show any visible action 
on it. 

22. The alteration thus produced on the iron is very superficial. 
The least rubbing exposes some of the fresh iron beneath its sur- 
face, and thus subjects it to the action of the acid. It is therefore 
with difficulty that these pieces of altered iron can be dried without 
losingtheir peculiar property. Fortins reason, Igeiierally transferred 
them out of the solution of silver, or concentrated nitrous acid, into 
any other liquor, the effects of which I wanted to examine. Or 
they may be transferred first into a glass of water, and then into 
the liquor to be examined. But it is to be observed, that if they be 
allowed to remain long in the water, they lose their peculiar pro- 
perty or alteration. They may be preserved in their altered state 
‘by being kept in spirit of sal ammoniaq. 

23. To a saturated solution of copper in nitrous acid, which was 
capable of being readily precipitated by fresh iron, I added some 
saturated solution of silver. From this mixture a piece of 

iron neither precipitated silver nor copper : nor did the addition of 
some dephlogislicatcd nitrous acid effect this precipitation. 

24. A solution of Vopper, formed by precipitating silver from 
nitrous acid by means of copper, was very reluctantly and slowly 
precipitated by a piece of fresh iron ; and the iron thus acted on 
by the acid wlis changed into an ochre. 

25. A saturated solution o/ silver having been partly precipitated 

by copper, acquired the property of acting on fresh iron, and of 
being precipitated by it. ^ ^ 

26. Fresh iron immersed sometime in solutions of nitre of lead, 
pr of nitre of mercury in water, did not occasion any precipitation 
of the dissolved metals ; but acquired an altered quality. These 
metals then in this respect resemble silver. 

27. It is well known, that a solution of martial vitriol, added to 
a solution of gold in aqua regis, precipitates the gold in its metallic 
state. I do not recollect, that the precipitation of a solution of 
silver, by the same vitriol, has been observed. However, on pour- 
ing a solution of martial vitriol into a solution of silver in the nitrous 
acid, a precipitate will be thrown down, which acquires, in a few 
minutes, more and more of a metallic appearance, and is indeed 
perfect silvar. When the two solutions are partly concentrated, a 
bright argentine film swims on the surface of the mixture, or silvers 
the side of the glass in which the experiment is made. When a 
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plilogisticated solution of silver is used, the mixture is blackened, 
as happens generally to a solution of martial vitriol^ yrhere phlogis- 
ticaled nitrous acid is added to it. 

1 aefiled about equal parts of water to a mixture of a phlogisticated 
solution of silver and a solution of martial vitriol, in which all the 
silver had been precipitated, and digested the diluted mixture with 
heat, by which means most of the precipitated silver was redissplved. 
Bergman has observed a similar redissolution of gold precipitated 
by martial vitriol on boiling the mixture : but he attributes the rc- 
dissolution to the concentration of the aqua regis by the evaporation. 
As this explanation did not accord with my notions, 1 diluted the 
mixture with water, and found that the same redissolution occurred 
both with the solution of silver and with that of gold. But with 
neither of the metals did I hnd that the redissolutipn took place, 
unless there had been a superabundant acid fh the solutions of sil- 
ver and gold employed. 

28. Mercury is also precipitated in its metallic state from its so- 
lution in nitrous acid, by a solution of martial vitriol. When the 
liquor is poured off from its precipitate, this may be changed into 
running mercury Uy bcii^g dried near the fire. 

29. I found also that silver may be precipitated in its metallic 
state, from its solution in vitriolic acid, by addition of a solution of 
martial vitriol. A vitriol of mercury may also be decompounded 
by a solution of martial vitriol, and the mercurial precipitate, which 
is a black powder, forms globules, when dried and warmed. 

30. Luna cornea is not decompounded martial vitriol ; con- 
sequently there is no operation of a double affinity. Yet thisluna 
cornea may be decompounded by the elements of martial vitriol, 
while they are in the act of dissolution : that is, th? silver may*l)e 
precipitated in its metallic state, by ^digesting lima cornea with a 
dilute vitriolic acid, to which some pieces of iron are .added. And 
it is to be observed, that this reduction of the silver and precipita- 
tion take pfacc, while the acid is yet unsaturaied. Marine acid and 
iron applied to luna cornea effect the same reduction of the silver 
to a metallic state, even when there is more acid than is sufficient 
for both metals. 

The explanation of these phenomena will be attempted in* the 
subsequent papers w^hich I propose to present on this subject to tlic 
society.** 


* We arc not awaro that Mr. Kcir ever favoured the scicntitic world witli lli»? 

explanation here proposed. — EpiT. 



442 


Philosophtf of Storms, 


LIV. — Brief Synopsis of the Principles of Mr. James P. Espy's 
Philosophy of Storms.* 

When the air near the surface of the earth becomes more heated 
or more highly charged with aqueous vapour, which is only five- 
eighths of the specific gravity of atmospheric air, its equilibrium is 
unstable, and up-moving columns or streams will be formed. 

As these columns rise, their upper parts will come under less 
pressure, and the air will therefore expand ; as it expands, it will 
grow colder about one degree and a quarter for every hundred 
yards of its ascent, as is demonstratcnl by experiments on the 
Nephelescope. 

The ascending columns will carry up with them the aqueous 
vapour which they contain, and if they rise high enough, the cold 
produced by expansion from diminished pressure, will condense 
some of this vapour into cloud; for it is known that cloud is formed 
in the receiver of an air-pump when the air is suddenly withdrawn. 

The distance or height to wdneh air will have to ascend 
before it will become cold enough to begin to form cloud, is a 
variable quantity depending on the number of degrees which the 
dew point is below the temperature of the air ; and this height 
may be knowm at any time by observing liow many degrees a thin 
metallic tumbler of water must be cooled down below the tempera- 
ture of the air, before the vapour begins to condense on the outside. 
The highest temperature at which it will condense, which is vari- 
able according as there is more or less vapour in the air, is called 
tlfe " dew poiiit,” and the difference between the dew point and the 
temperature of the air in degrees is called the complement of the 
dew point. 

It is manifest th.at if the air at the surface of the earth should at 
any time be cooled down a little below the dew point, it 'would^form 
a fog by condensing a small portion of its transparent vapour into 
little fine particles of water, and if it should be cooled 20^ below 
the dew point, it would condense about one half its vapour into 
water, and at 40® below, it would condense about three-fourths of 
its vapour into water, &c. 

This, however, will not be exactly the case from the cold pro- 
duced by expansion in the up-moving columns ; for the vapour itself 
grows thinner, and the dew point falls about one-quarter of a de- 
gree for every hundred yards of ascent. 

It follows, then, as tlie temperature of the air sinks about one 
degree and a quarter for every hundred yards of ascent, and the 

• Copious facts going to establish tlio priiu'iplcs contained in tliis Synopsis? 
arc given in Mr. Espy’s Loctures. 
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dew point sinks about a quarter of a* degree, that as soon as the co- 
lumn rises as many hundred yards as the complement of the devr 
point contains degrees of Fahr., cloud will begin to form. Or in 
other words, the bases- of all clouds forming by the cold of dimin- 
ished pressure from up-moving columns of air, will be about as 
many hundred yards high as the dew point is below the tempera- 
ture of the air at the time. 

If the temperature of the ascending column should be 109 above 
that of the air through which it passes, and should rise to the height 
of 4800 feet before it begins to form cloud, the whole column would 
then be 100 feet of air lighter than surrounding columns ; and if the 
column should be very narrow, its velocity of upward motion would 
follow the laws of spouting fluids, which would be eight times the 
square root of 100 feet a second, that is 80 feet a second, and the 
barometer in the centre of tlie column at its base, would fall about 
the ninth of an inch. 

As soon as cloud begins to form, the ciloric of elasticity of tlie 
vapour or steam is given out into the air in contact with the little 
particles of water formed by the condensation of* xhe vapour. This 
will prevent the air^n its further progress upwards from cooling so 
fast as it did up to tliat point, and from expcrimenls on tJie Nephe- 
lescope, it is found to cool only about one half as much above the 
base of the cloud as below — that is, about five-eightlis of a degree 
for one hundred yards of ascent, wlicn the dew point is about fo®. 
If the dew point is Iiigher it cools a little less, and if the dew point 
is lower, it cools a little more than five-eighths of a degree in ascend- 
ing one hundred yards. 

Now it has been ascertained by ach’onauts and travellers on 
mountains, that the atmosphere itself is about one dej^’ee colder ITJr 
every liundred yards in height above the surface of tlie sea ; there- 
fore, as the air in the cloud, above its Rase, is only five-eighths of a 
degree colder for every hundred yards in height, it follows, that 
when die cldud is of great pcrptudicular height above its base, its 
top must be much warmer than the atmosphere at that height, and 
consequently much lighter. 

Indeed the specific gravity of a cloud of any height compared to 
that of the surrounding air at the same elevation, may be calculated 
when the dew point is given. For its temperature is known by 
experiments with the Nephclescope, .and the quantity of vapour con- 
densed by the cold of diminished* pressure at every point in its 
upward motion, and of course the quantity of caloric of elasticity 
given out by tliis condensation is known, and also the effect this 
caloric has in expanding thij air receiving it, beyond the volume it 
would have, if no caloric of elasticity was evolved in the condensa- 
tion of the vapour. 

For example, according to the experiments of Prof. Walter R. 
Johnson, of Philadelphia, a pound of steam at the temperature of 
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of calork of ^asticity, and aa^the sum of the 
bdMt aaml amible caloric of steam is the same at idl temp^atnres, 
it i^Uows that a pound of steam being condensed into 1 1^8 pouncU 
of water at would heat it up Aifd as the specific caloric 

of air is only 0.^67> if a pound of vapour should be condensed into 
1198 pounds of aifj it would heat t&it air nearly 4^, or which is 
the same thing, it would heat 119 pounds of air 4^, or 100 pounds 
48S and in all these cases it wpuld expand the air about 8000 
times the bulk of water generated that is, 8OOO cubic feel for 
every cubic foot of water formed out of the condensed vapour. 
And as it requires between 1300 and 1400 cubic feet of vapour, at 
the ordinary temperature of the atmosphere, to nyike one cubic 
foot of water — if this quantity be subtracted from 8000, it will 
leave upwards of 66OO cubic feet of actual expansion of the air in 
the cloud for every cubic foot of water generated there by con- 
densed vapour. 

This great expansion of the air in the forming cloud will cause 
the air to spread outwards in all directions above, causing the 
barometet to rise on the outside of the cloud above the mean, and 
to fall below the mean under the middle of t^e cloud as much as 
it is known to do in the midst of great' storms. 

For example, if the dew point should be very high, say 
then the quantity of vapour in the air would be about one-fiftieth 
of its whole weight, and if the up-moving column should rise high 
enough to condense one-half its vapour into cloud, it would heat 
the air containing it 45^, and the air so heated would be 45-480ths 
larger than it would be if it was not so heated. And if we assume 
a case within the bounds of .nature, and suppose the cloud and the 
column undfr the cloud to occupy three-fourths of the whole 
weight of the atmosphere, or in other words, if we suppose the 
top of tile cloud to reach, a height where the barometer would 
stand at inches, and the mean temperature of the whole column 
40^^ warmer than the surrounding air, then would the barpmeter 
fall under the cloud at the surface of the earth 40-480ths of 22.5, 
or a little more than two inches. 

Though the air may be driven up by the ascending column much 
higher than the point assumed in the last article, the cloud will cease 
to form at greater heights, because the dew point at these great 
elevations, falls by a further ascent as rapidly as the temperature — 
and at greater elevations, it will even fall more rapidly. If for 
instance the air should rise from where the barometer stands at six 
inches to where it stands at three inches, the dew point would fall 
about 20®, but the temperature would fall less than 20®, and there- 
fore no vapour would be condenseil^by such ascent. 

When a cloud begins to form from an ascending column of air, 
it will be seen to swell out at the top while its base continues on 
the same level, for the air has to rise to the same height before it 
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becomes cold «iiou|^ by dimitikhed pressure to begifi to condense 
its vapour into water; this will ceuse the base to be flat, even after 
the cbud has acquired great perpendicular height^ and assumed 
the form of a sugar loaf. Other douds also for many miles around, 
formed by cAher ascending columns, will assume similar appear- 
ances, and will moreover have their l^ses all on the same or nearly 
the same horizontal level ; and the height of these bases from the 
surface of the earth will be the greatest about three o'clock, when 
the dew point and temperature of the air is the greatest distance 
apart. 

The outspreading of the air in the upper parts of an ascending 
column will form an annulus all round the cloud, under which the 
barometer will stand above the mean ; of course the air will de- 
scend in the annulus, and increase the velocity of the wind at the 
surface of the earth towards the centre of the ascending column, 
while all round on the outside of theannuius there will be a gentle 
wind outwards. Any general currents of air which may exist at 
the time, will of course modify these motions from the oblique 
forces they would occasion. 

The up-moving emrrent^of^air must of course be entirely sup- 
plied by the air within the annulus, and that which descends in the 
annulus itself. 

The rapid disturbance of equilibrium, wliich is produced by 07ie 
ascending column, will tend to foriil others in its neighbourhood ; 
for the air being pressed outwards fioiu the annulus, or at least re- 
tarded on the windward side, will form other ascending columns, 
and these will form other annuli, and so the process will be con- 
tinued. 

• * 

These ascending columns will have a tendency to approach, and 
finally unite ; for the air between theip must descend, and in de- 
scending the temperature of the whole column will increase, for it 
is known th^t the air, at great qlevation, contains more caloric to 
the potmd than the air near the surface of the earth, because it is 
the upper regions that receive the caloric of elasticity given out in 
the condonsation of vapour into clouds. Therefore, when the air 
has descended ■ some *time in the middle, between two ascending 
columns, the barometer will fall a little, or jit least not sbmd so 
high above tlie mean as it does on the outside of the two clouds, 
and so the columns will be pressed towards each other. 

If one of two neighbouring colutnns should be greatly higher 
than til^e other, its annulus may overlap the smaller one, and of 
course the current under the smaller cloud will be inverted, and 
the cloud which may have been formed over the column thus 
forced to descend, will soon disappear ; for as it is forced down* 
wards by the overlapping annulus of the more lofty column, it will 
come under greater pressure, and its temperature will be thus in- 
creased, and it is manifest that as soon as its top descends as low as 
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its basei it will have entirely disappeared^ and in the mean time the 
larger cloud will have greatly increased. 

As the air above the cloud formed by an ascending leolumn is 
forced upwards, if it contains much aqueous vapour, a thin film of 
cloud will be formed in it by the cold of diminished pressure, en- 
tirely distinct from the great dense cumulus below ; but as the 
cumulus rises faster than the air a]>ove it (for some of the air will 
roll off) the thin film and the top of the cumulus will come in con- 
tact ; and sometimes a second film or cap may be formed in the 
same way, and perhaps a third and fourth. When these caps 
form, there will probably be rain, as their formation indicates a, 
high degree of saturation in the upper air. 

When the complement of the dew point is very great (20® and 
more,) clouds can sciircel 3 ^ form; for up^moving columns will 
generally either come to an equilibrium with surrounding air, or be 
dispersed before they rise twenty hundred yards, which they must 
do in this case, before they form clouds. Sometimes, however, 
masses of air will rise high enough to form clouds, but they are 
generally detached from any up-moving column underneath, and 
of course cannot then form cumuli with ^at bas»es ; such clouds will 
be seen to dissolve as soon aa they form, and even while forming 
they will generally appear ragged, thin and irregular. 

Moreover, if the ground should be colder during the day, than 
the air in contact with it, as it sometimes happens Jifter a very cold 
spell of weather, then ascending columns cannot exist, and of course 
no cumuli can be formed on that day, even though the air may be 
saturated with vapour to such a degree^s'^to condense a portion of 
it on cold boclies at the surface of the earth. 

Neither can clouds form of any very great size, when there are 
cross currents of air sufficiently strong to break in two an ascending 
current, for the ascensional power of the up-moving current will 
thus be weakened and destroyed. ^ This is one means contrived by 
nature to prevent up-moving columns from increasing until rain 
would follow. W^ithout some such contrivance it is probable that 
every up-moving column which should begin to form cloud when 
the dew point is favourable,. would produce rain, for as soon as cloud 
•forms, the up-moving power is rapidly increased^ by the evolution 
of the caloric of elasticity. 

If it should be found by observation that an upper currept of air 
is passing from the mountains 6f Abyssinia over Egypt to the north, 
while the wind below is blowing from the north towards the^oiin- 
tains of Abyssinia, this would manifestly be one reason why it 
seldom rains in Egypt diiriug the prevalence of this wind, though 
it comes highly charged with vapouf from the Mediterranean. Be- 
sides, it is known that during the prevalence of this wind there are 
great rains in Abyssinia, and of course if the upper current does 
flow over Egypt from the south, it w ould bring in it a large portion 
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of the caloric of elasticity, which it received there, in the great con- 
densation of the vapour as it rose up the sides of the mountains at 
the head of the Nile ; of course the columns of air rising over 
Egypt, when they entered that current would cease to rise, for the 
temperature of that current would be many degrees hotter than 
themselves, and therefore they could not swim in it. 

Also, on the leeward side of very lofty mountains, there cannot 
be rain : for as the air on the windward side rises up the sides of 
the mountain, it will condense all the vapour which can be con- 
densed by the cold of diminished pressure, before it reaches to the 
top, and even if a cloud passes over the top to the other side, it 
would soon disappear, because in passing down the slope it will 
come under greater pressure, and thus be dissolved by the heat pro- 
duced. 'I'hese are some of the causes which prevent rains at 
particular times and in particular localities. • 

If, however, the air is very hot below with a high dew point, 
and no cross currents of air above to a great height, then, when an 
up-moving current is once formed, it will go on and increase in 
violence, as it acquires perpendicular elevation, especially after the 
cloud begins to form. At first the base of the cloud will be flat ; 
but after the cloud bccomS' u€ great perpendicular diameter, and 
the barometer begins to fall considerably, as it will do from the 
specific levity of the air in the cloud, then the air will* not have to 
rise so far as it did at the moment when the cloud began to form, 
before it reaches high enough to form cloud from the cold of 
diminished pressure. 

The cloud will now be convex below, and its upper parts will 
be seen spreading outward in all directions, especially on that side 
towards which the upper current is moving, assuming somethinjJ 
of the shape of a mushroom. In the mean time the action of the 
inrnoving current below* and upmoving current in the middle will 
l>ccome very violent, and i£ the barometer falls two inches under 
the centre of the cloud, the air wiil cool about 10^, and the base of 
the clofid will reacli the earth if the dew point was only S® below 
the temperature of the air at the time the cloud began to form, 
'fhe shape of the lower part of the cloud will now be that of an 
inverted cone with its apex on the ground, and it will be what is 
called a tornado if it is on land, and a w*atei-spoiit if at sea. 

On visiting the path of a tornado, the trees on the extreme 
borders will all be found prostrated \jith their tops inwards, either 
inwards and backwards, or inwards and forw*ards, or exactly trans- 
verse to4:he path. The trees in the centre of the path will be 
thrown either backwards or forwards parallel to the path ; and 
invariably if one tree lies across.another, the one which is thrown 
backwards is underneath. Those materials on the sides which are 
moved from their places and rolled along the ground, leaving a 
■trace of their motion, will move in a curve convex behind ; those 

^ I 
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-which were on the right hand of the palli, will make a cSrve from 
left hand to rights and those on the left hand of the path will make 
a curve from right hand to left^ and many of these materials will 
be found on the opposite side of the path from that on which they 
stood on the approach of the tornado. Also^ tliose bodies which 
are carried up will appear to whirh unless they arise from the 
very centre— those that are taken up on the right of the centre will 
whirl in a spiral from left to rights and those on the left of the 
centre^ will whirl in a spiral upwards from right to left. On 
examining the trees which stand near the borders of the path, it 
will be found that many of the limbs are twisted round the trees 
and broken in such a manner as to remain twisted, those on the 
right hand side of the path from left to right, and those on the left 
hand side of the path from right to left. However, it will be found 
that only those limbs^ which grew on the side of the tree most dis- 
tant from the path of the tornado are broken ; for these alone were 
.suhject to il transverse strain. 

The houses which stood near the middle of the path will be very 
liable to have the roof blown up, and many of the walls will be 
prostrated all outwards, by the explosive influence of the air within, 
and those houses covered with zinc or^ tiu^ from being air tight will 
be liable to suffer most. The floors from the cellars will also fre- 
quently be thrown up, and the corks of empty bottles exploded. 

All round*the tornado at a short distance, probably not more than 
three or four hundred yards, there will be a dead calm, on account 
of the annulus formed by the rapid efflux of air above, from . the 
centre of the up-moving and expanding column. In this annulus 
the air will be depressed, and all round on the outside of it, at the 
surface of the earth, there will be a gentle wind outwards ; and of 
dburse all the air which feeds the tornado, is supplied from within 
the annulus. Nor is this difficult to understand, when the depres- 
sion of the air in the annuliis is considered, for any amount may be 
thus supplied by a great depression. 

Light bodies, such as shingles,^ branches of trees, *knd drops of 
rain or water formed in the cloud, which are carried up to a great 
height before they are permitted to fall to the earth ; for though 
they may frequently be thrown outwards above, and then descend 
a considerable distance at the side, they will meet with an inblow- 
ing current below, which will force them back to the centre of the 
up-moving current, and so they will be carried aloft again. 

The drops of rain, howev'er, will frequently be carried high 
.enough to freeze them, especially if they are thrown out above so 
far as to fall into clear air, for this air will in some ca^s be thirty 
orlforty degrees colder than the air in jthe cloud. In this case if the 
up-moving column is perpendicular, the hail will be thrown out on 
both sides, and on examination it will be found that two veins of 
hail fell simultaneously, at no great distance apart. 
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It is indeM probable that in all violent thunder storms in which 
hail falls, the upmoviiig current is so violent as to carry drops of 
rain to a great height, when they freeze and become hail. It is 
difficult if not impossible to conceive any other way in which hail 
can be formed in the summer, or in the torrid zone. 

In those countries in which an upper current of air prevails in a 
particular direction, the tornadoes and water-spouts will generally 
move in the same direction ; because the upmoving column of air 
in this meteor rises far into this upper current, and of course its 
upper part will be passed in this direction, as the great tornado 
cloud moves on in the direction of the upper current, the air at the 
surface of the earth will be pressed up into it by the superior 
weight of the surrounding air. It is for this reason the tornado in 
Pennsylvania generally moves towards the eastward. 

If a tornado should stop its motion fora few seconds, as it might 
do, on meeting with a mountain, it would be likely to pour down 
an immense flood of water or ice, in a very small space ; for the 
drops which would be carried up by the ascending current would 
soon accumulate to such a degree, as to force their way back, and 
this they could not do, without collecting into one united stream of 
immense length and* wcigt;t, .and of course on reaching the side of 
the mountain, this stream, whether it consisted of water or hail, 
w'ould cut down into the side of the mount ain a deep hole, and 
make a gully all the way to the bottom ol the mountain from the 
place where it first struck 

As the air spreads out more rapidly above than it runs in below, 
there will be a tendency in storms to increase in diameter, and 
also to become oblong from the influence of the upper current in 
carrying the top of the cloud in its own direction. . 

At the equator, or at least those parts of it where the trade winds 
are constant from east to west, it is probable tornadoes travel from 
east to west. For as the air in the torrid zone is about SO^ in 
temperature j}t a mean, and the air in the frigid zone is about zero, 
the air*in tlie torrid zone is constantly expanded by heat about 
80- 448th of its whole bulk in the frigid zone. This will cause the 
air at the equator to stand more than seven miles higher from the 
surface of the earth to the top of the atmosphere than at the north 
pole. The air therefore will roll off from the torrid zone both 
ways towards the poles, causing the barometer to fall in low lati- 
tudes and rise above the mean in high latitudes. This will cause 
the air to run in below towards the equator, and of course rise there. 
Now from the principle of the conservation of areas, it will fall 
more and more to the west as it rises, and of course the upper cur- 
rent of the air, at the equator, probably moves towards the west. 

However, as the air rolls off above, towards the north, it will be 
constantly passing over portions of the earth’s surface, which have 
a less diurnal velocity than the part from which, it set out, and as 
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from the nature of inertia it still inclines to retain thef diurnal velo-* * 
city towards the east which it originally possessed, when it reaches 
the latitude of about 20® or 2o®, it will then probably be moving 
nearly towards the north — and beyond that latitude its motion will 
be to the northeasterly. 

If violent storm clouds, which necessarily rise to a great height 
into the upper current, are driven forward in the direction of the 
upper current, it is probable that the barometer will rise higher in 
that part of the annulus which is in front of the storm, than in the 
rear, and if so, a sudden rise of the barometer in particular localities, 
may become, when properly understood, one of the first symptoms 
of an approaching storm. 

In consequence of the high barometer in front of the storm in a 
semi-annulus, the air will be forced downwards there, and cause 
in some cases a mor» violent action of the air or wind backwards, 
meeting the approaching storm, than will be experienced, in the 
rear of the storm. 

As the air comes downwards in the semi-annulus in front of the 
storm, it will come under greater pressure, and therefore any clouds 
which it may contain, will probably be dissolved, by the heat of 
great pressure, and therefore on the passage ol the annulus, it will 
probably be fair weather. 

Also, as the air above always contains more caloric to the pound, 
than the air below, there will be an increase of temperature on tlie 
passage of the annulus, partly from the increased pressure, but 
chiefly by the descent of the air ; in very hot climates this increase 
of temperature, in front of the storm, will be very sensibly felt. 

The increased pressure in the annulus round a volcano, when it 
suddenly bur:ts out, will sometimes under favourable circumstances, 
be very great, and of course the air will be depressed from a great 
lieight, so that some portiorf of the very air which has gone up 
in the central parts of the ascending column, and formed cloud 
by the cold of diminished pressute, will be forced (down to the 
surface of the earth, bringing with it the caloric of elasticity which 
it received from the condensing vapour ; if so, the heat experi- 
enced at the time of this descent, will be very great. 

These hot blasts of air will alternate with cold blasts, for the air 
which is forced down from great heights in the annulus will not 
only be very hot, but very dry, having condensed its vapour, in 
its previous ascent. Now wh^ this hot dry air flows inwards 
again towards the volcano and ascends, it will not form cloud, 
because of its want of vapour ; and therefore the process of cloud 
forming will cease, and consequently rain and hail will cease too, 
until more air from a greater distance Ithat has not been deprived 
of its vapour flows in and ascends. Then cloud wdll again begin 
to form and the violence and rapidity of the outflow'ing of the air 
above will be increased by the evolution of the caloric of elasticity* 
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the barometer will rise rapidly in the annulus and fall in the cen- 
tral part of the ascending column^ and these alternations may con- 
tinue while the volcano is in activity, more particularly if the 
violence of die volcano itself should be increased periodically. 

As air cannot move upwards without coming under diminished 
pressure, and as it must thus expand and grow colder and conse- 
quently form cloud — any cause which produces an upinoving 
column of air, whether that cause be natural or artificial, will pro- 
duce rain, when the complement of the dew point is small, and the 
air calm below and above, and the upper part of the atmosjdiere of 
its ordinary temperature. 

Volcanoes therefore under favorable circumstances will produce 
rain ; sea breezes which blow inwards every day towards the 
centre of islands, especially if these islands have in them high 
Tnountains, which will prevent any upper «Qurrcnt of air Vrom 
bending the upinoving current of air out of the perpendicular 
before it rises high enough to form cloud, such as Jamaica — will 
produce rain every day ,* great cities where very much fuel is 
burnt, in countries where the complement of the dew point is 
small, such as Manchester and Liverpool, will frequently produce 
rain ; even battles, and aCcif^gntal fires, if they occur under favor- 
able circumstances, may sometimes be followed by rain. Let all 
these favorable circnrastanccs be watched for in time of drought, 
(and they can only occur then,) and let the experiment be tried. 
If it should be successful, the result w'ould be highly beneficial to 
mankind. 

Independent of its utility to the farmer, it would be highly use- 
ful to the mariner in the following way. 

As the very time and place of the commencement of the rcyn 
would be known, it would be easy to find out in wnat direction 
from the place of beginning it moved ?jlong the surface of the earth , 
and also its velocity of motion, and the shape that it assumed, 
from time to time in its prog|*css. Now this knowledge is the 
principal thing wanting to enable the mariner, who has the power 
of locomotioii, to direct his vessel so, when one of these great storms 
comes near him, as to use as much wind in the borders of the 
storm as will suit the purposes of navigation — for heaven un- 
doubted makes the wind blow for his use and not for his destruc- 
tion, provided he becomes acquainted with the laws to which it is 
subject. From the preceding principles he will be able to know in 
what direction a great storm is raging when it is yet several hun- 
dred miles from him. — Fro?n SiUiman*s Join nal. 
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LV. — On the Electriciiy of a Jet of Steam issuing from a Boiler, 

By H. G. Armstrong^ Esq.y in Letters to Professor Faraday.^ 

SlR^ 

A few days ago, I was informed that a very extraordinary elec- 
trical phacnomenon, connected with the efflux of steam from the . 
safety-valve of a steam-engine boiler, had been observed at Seghill, 
about six miles from Newcastle. I therefore took an early oppor- 
tunity of going over to that place, to investigate the truth of what 
I had heard, and by so doing I have ascertained the precise facts 
of the case, which appear to me to possess so much novelty and 
importance, that 1 deem it right to transmit the particulars to you 
believing that in your hands they will prove most conducive to the 
advancement of science. Without further preface, I shall proceed 
to narrate what I saw and heard on the spot. 

There is nothing remarkable in the construction of the boiler, 
which is supported upon brick-masonry in the usual way. The 
safety-valve is placed on the top of a small cylinder, having a flange 
round the lower end, which is fastened by bolts to the summit of 
the boiler, between which and the flang^,' a cfement, composed of 
chalk, oil, and tow, is interposed for the purpose of making the 
joining steam-tight. 

About three weeks ago the steam began to escape at this joining, 
through a fissure in the cement, and has ever since continued to 
issue from the aperture in a copious horizontal jet. Soon after this 
took place, the engine-man, having one of his hands accidentally 
immersed in the issuing steam, presented the other to the lever of 
the valve, with a view of adjusting the weight, when he was 
grcfatly surprised by the appearance of a brilliant spark, which 
passed between the lever and his hand, and was accompanied by a 
violent wrench in his arms, wholly unlike what he had ever expe- 
rienced before. The same eflect \vas repeated when he attempted 
to touch any part of the boiler, or any iron- work connectecT with 
it, provided his other hand was exposed to the steam.. He next 
found that while he held one hand in the jet of steam, he commu- 
nicated a shock to every person whom he touched with the other, 
whether such person were in contact with the boiler, or merely 
standing on the brickwork which supports it ; but that a person 
touching the boiler, received a much stronger shock than one who 
merely stood on the bricks. 

These singular eflects were witnessed and experienced by a great 
many persons, and among others by two gentlemen with whom I am 
personally acquainted, and who fully corroborate the above account, 
which 1 obtained from the engine-man. 

The boiler had been cleaned out the day before I saw it, and a 
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thin incrustation of calcareous matter reaching as high as Uie water 
level had been removed^ and the consequence was, that the indi- 
cations of electricity, though still existing, were very much 
diminished. Still, however, what remained was very extraordinary ; 
for when I placed one hand in the jet of steam and advanced the 
other within a small distance of the boiler, a distinct spark appeared, 
and was attended with a slight electrical shock. 

From the effect produced by the cleaning of the boiler, it ap- 
pears pretty obvious that the phenomenoq is in a great measure, 
though not wholly, dependent upoh the existence of an incrustation 
within ; and the reason why such effects do not in any degree 
attend the effluxion of a jet of steam from a boiler in ordinary cases, 
must, 1 apprehend, be sought for in the fact, that in the present 
instance the steam escapes through an aperture in a non-conducting 
material, while in a vast majority of cases the escape must take 
place through a metallic orifice. Can the explosion of boilers, res- 
pecting the cause of which so much uncertainty at present exists, 
have any connexion with the rapid production of electricity which 
thus appears to accompany the generation of steam ? 

In the present case the incrustation of the boiler is very rapidly 
formed, and I therefore expect that in a few days the effects will 
have become as strong as they w^ere at first. Whenever this takes 
place I shall again go over to witness them, and if you wish for any 
further information, I shall be glad to obtain it for you. In the 
mean time you are at liberty to make any use of this letter that 
you think fit. 

I am, Sir, very , respectfully yours, 

H. G. Armstrong. 

Now'castlc-upon-Tjne, Oct 14, 1840. 


Newcastle- upon- TMie, Oct. 22, 1810, 

• • • 

Dear Sir, — I yesterday revisited the boiler at Seghill, in company 
with some friends, and took with me such apparatus as I deemed 
necessary for experimenting on the electrical steam. The results of 
this second visit I now hasten to communicate, and you will find iu 
the following account of my proceedings, answers to all the queries 
you were kind enough to send me, for the purpose of directing my 
attention to the proper points of inquiry. 

I found the boiler, and every thftig connected with it, precisely 
in the state in which I have already described it, and on trying the 
steam in the same way as I did on the former occasion, the effect 
was very nearly the same ;-but when I placed myself on an insu- 
lating stool, the intensity of the sparks which passed between my 
hand and the boiler was greatly increased, as well as the twitching 
sensation in the knuckles and wrist, which accompanied the opera- 
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tion^ and 'which in my former letter I designated a slight electricd 
shock. In pursuance of your instructions^ I had provided myself, 
with a brass plate, having a copper wire attached toit, which termi- 
nated in a round brass knob. When this plate was held in the 
steam by means of an insulated handle, and the brass knob brought 
within about a quarter of an inch from the boiler, the number of 
sparks which passed in a minute was from sixty to seventy, as nearly 
as we could count ; and when the knob was advanced about 
one-sixteenth of an inch nearer to the boiler, the stream of elec- 
tricity became quite continuous. The greatest distance between 
the knob and the boiler, at which a spark would pass from one to 
the other, was fully an inch. A Florence flask, coated with brass 
filings on both surfaces, was charged to such a degree with the 
sparks from the knob, as to cause a spontnneous discharge through 
the glass ; and several robust men received a severe shock from a 
small Leyden jar charged by the same process. The strength of 
the sparks was quite as great when the knob was presented to any 
conductor communicating with the ground, as when it was held to 
the boiler. It appeared to make very little difference in what part 
of the jet the plate attached to the conducting wire was held ; but 
when a thick iron wire was substituted for the plate, the effect was 
greatest when the wire was held very near co th6 orifice. The valve 
was loaded at the rate of 35lbs per square inch ; but the pressure 
of the steam fluctuated considerably, wliich gave me an opportui^ 
nity of observing that the quantity of electricity derived from the 
jet increased and diminished with the pressure. The electricity of 
the steam was positive, for when the pith balls of the electrometer 
diverged upon an instrument connected with the steam, they were 
attracted by a piece of scaling wax rubbed on woollen cloth ; and 
when a pointed wire was held by the person on the stool, under the 
shade of a hat, a pencil, and not a star, of electrical light became 
visible. 

Besides the principal jet of steam which I operated upon, there 
were several small streams issuing from different parts of the 
boiler, and in each of these the electrometer indicated life produce 
of electricity. From the peculiar manner in which the steam blew 
off from the safety-valve when the weight on the lever was lifted, 
it was quite impossible to try any satisfactory experiment upon the 
steam which was allowed to escape by that means. I applied the 
gold leaf electrometer to various parts of the boiler, which, I 
ought to observe, is in direct communication with the ground by 
means of the steam pipes, but could scarcely detect a trace of elec- 
tricity in any part of it. 

The engine has another boiler besides the one in question, and 
the two boilers lie immediately adjacent to each other. Having 
been informed that similar phenomenal had been discovered in this 
second boiler, I proceeded to apply the electrometer to some small 
pencils of steam which were escaping in different parts, and found 
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the same indications nvhich I had observed under similar circum- 
stances in the first boiler. 1 then raised the safety-valve, and the 
c^umn of steam which escaped from it proved as highly charged 
with electricity as the horizontal jet which issued from the other 
boiler, and in which the phenomenon had first been observed. 

Upon inquiry, 1 found that the water used in the boilers was 
obtained from a neighbouring colliery, where it was pumped out of 
the mine, and that the same water was used for the boiler of a small 
high-pressure engine adjoining the colliery from which the water 
was procured. In order, therefore, to form an opinion whether or 
not Ae phenomena in question was dependent upon the quality of 
the water from which the steam was generated, I proceeded to 
examine the steam evolved from the boiler to which I had been 
referred, and which proved to be a very small one. The valve was 
loaded with only twenty pounds on the square inch, and I learned 
from the engine-man that no appearance of electricity had ever been 
noticed in the steam. Upon trial, however, I succeeded in obtaining 
very distinct sparks of electricity from the column of steam which 
issued from 'the safety-valve. The sparks w'ere certainly weaker 
than those obtained at the other engine, but this may reasonably be 
ascribed to the inferior pressure of the steam, and smaller size of 
the boiler. * 

I then repaired to another high-pressure engine, which belonged 
to the same establishment, and the boiler of which was supplied 
with rain water instead of that drawn from the mine. In this case 
the pressure of the steam was forty pounds on the square inch. 
The valve was inaccessible, but a powerful jet of steam was ob- 
tained from the upper guage-cock ; I could not, how^ever, obtain 
any trace of electricity in the steam from this boiler, not even suffi- 
cient sensibly to affect the gold-leaf electromoter. The presumptiofi, 
then, is exceedingly strong, that the phenomenon is in some way 
occasioned by the peculiar nature of ^he water from which the 
steam is produced. 1 enclose you a specimen of the incrustation^, 
of a month’s growth, deposited the water from the mine in the 
boilers in which it is used. 

I shall be glad to receive any further instructions from you as to 
the proper mode of pursuing the investigation, and should be 
much gratified to hear your opinion as to the cause of this most 
curious phenomenon t. 

I am, dear sir. 

Very respectfully yours, 

- H. G. Armstrong. 

- M Faraday, Esq. 

* The incrustation is grey and |ia>n1 ; it contains traces of a soluble muriate 
and sulphate, but consists almost entiivly of sulphate of lime, with a little oxide 
of iron and insoluble clayey matter, carried in probably by the water There 
is hardly a trace of carbonate of lime in it—M. F. 

f The evolutiunof electricity by valorization, described by Mr. Aimstrong 

3 K 
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LVI. — Experiments on the Electricity of High-Pressure Steam, By. 

H. L. Pattinson, Esq., F.G.S. 

To the Editors of the Philosophical Magazine and Journal, 
Gentlemen, 

A very singular pfienomenon, viz., the production of electricity 
by two steam-boilers, has been observed in this neighbourhood 
within the last few weeks, the particulars of which I have the 
pleasure of transmitting to you for publication in your valuable 
Journal. The boilers in question are situated at Cramlington Col- 
liery, eight miles north-east of Newcastle, where they supply 
steam to a high-pressure engine of 2fi-horse power, employed on 
the waggon-way to haul full and empty waggons to the top of two 
inclined planes, leading to the colliery on the one hand, and to the 
river Tyne on the other. The boilers are cylindrical, with circular 
ends, each twenty-one feet long, and five feet diameter. They 
are supplied with water from an adjacentr pond by iron feed-pipes, 
four inches diameter, and the steam they produce is. conveyed to 
the working cylinder by other iron pipes, six inches diameter, 
which pipes form also a direct metallic communication between the 
'tops of the boilers. By means of appropriate valves the steam is 
supplied to tlie cylinder from one or other boiler at pleasure. A 
pipe, two inches diameter, leads from the bottom of one boiler on 
the outside of the brick-work to the ash-pit, through which the 
sediment deposited by the water is occasionally blown from one of 
Spott*s pateqt collecting cones, and a similar pipe is attached to the 
other boiler. The boilers are set in brick-work in the usual way, 
the fires below, with flues peaching all round, and passing into the 
chimney also in the usual manner. The flues are covered with 
large flat nricks, and in the space between the boilers tife two flues 
are necessarily separated by a brick wall. The safety-valves are 
attached to the boilers by flange joints ; and between the flanges, 
to render them steam-tight, is juaced a ring of plaited hemp covered 
with a cement of litharge, sand and linseed oil, mixed up together, 
and when applied of the consistence of glaziers' puttjr. This 
rament, as it soon becomes hard, is used about the engine for steam 
joints which occasionally fail ; but all the joints of the pipes are 
made of iron borings and sal-ammoniac, as ordinarily employed by 

is most likely the samo as that already known to philosophers on a much smaller 
«caie, and about which there are as yet doubts whether it is to be referred to a 
mars evaporation, as Harris says, or to (hetnical action, according to others. 
This point it neither settles nor illrstrates; but it gives us the evolution of elec- 
tricity during the conversion of water into vapour, upon an enormous scale, and 
therefore brings us much nearer to the electric phenomena of volcanos, water* 
spouts and thunder-storms, than before. — M. F, 
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cngine-wriglits. The steam is worked at a pressure of thirty-five 
pounds per inch. 

The joint between the top of one of the boilers and the seat of 
its safety-valve had given way, and steam was issuing forcibly 
through this aperture, when on Tuesday, September 29th last, the 
engine-man, William Patterson, while standing w ith this current of 
steam blowing jupon his legs, took hold of the weight attached to 
the lever of the safety-valve, to try the strength of the steam, when 
he felt a peculiar pricking sensation in the ends of his fingers, but 
as the steam prevented him from seeing distinctly, he thought he 
had merely struck his fingers rather suddenly against the weight. 
On Friday, October 2nd, on taking hold of the lever, he again felt 
a sensation in his fingers of the same kind as before ; and on Sa- 
turday, the 3rd, on touching the weight, this sensation was 
stronger, and more distinct ; so much so, as to arrest his attention 
and lead him to mention it to some other workmen employed about 
the engine, who all handled the weight, and convinced themselves 
there was something about it very unusual. During the time they 
were thus employed, Patterson applied his finger gently to the 
lever, and perceived a spark. This was repeated by the whole 
party, and they soon fo^nd that sparks could be obtained from any 
part of the end of^ the boilar, as far as the valve upon the steam- 
pipe connecting the two boilers, and also from the pipe through 
which the sediment is blown, as already described. They observed 
further, that while standing in the volume of steam issuing from 
the joint, and touching the boiler, these sparks were always much 
stronger than when the boiler was touched by a person not in the 
current of steam. In one or two cases, according to their account, 
when the current of steam issuing from the joint was very strong, 
the person exposed to it being probably partially insulated by 
standing upon the dry and warm brick-work surrounding the boHer, 
gave strong sparks to others out of the current on bringing his 
hands to theirs ; and once or twice Ihey felt, under these circum- 
stances, something like a slight electrical shock. Itj|||||ay be ob- 
served, that at this time the weather was exceedingly nne and dry. 
It was not long before the engineer of the (olliery, Mr. Marshall, 
became acquainted with these circumstances, and his first feeling 
was to apprehend that the boiler was in danger of exploding, 
for, as he said, when there was fire on the outside of the boiler, 
he did net know what there might be within-’* He accordingly 
sent to Messrs. Hawks’s, of Gateshead, who built the boiler, for 
a person to examine it, and Mr. polightly, their manager in that 
department, went out on Wednesday, the 7th inst., for that pur- 
pose. He gave bis opinion as to the safety of the boiler, and 
returned much surprised at the phenomena it presented. Tlie 
singular circumstance of a steam-boiler yielding electrical sparks, 
and giving shocks, now began to be noised abroad ; and my friend, 
Mr, Henry Smith, of Newcastle, who had heard the account 
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tH>th from Mr. Golightly and Mr. Marshall^ wrote me a note ao 
quainting me with the matter, and desiring me to go with him to 
see it, which I did on the 1 1th inst., and again on the following 
day, having with us the second time proper electrical apparatus. 
On our first visit, the boilers being unplugged and empty, we 
merely satisfied ourselves as to all the particulars of their setting, 
etc., already detailed. Next day, on our arrival, we found the 
engine at work, the steam up to a pressure of thirty-five pounds 
an inch, and blowing off strongly at the joint in the boiler. The 
day was a little damp, but yet not unfavourabe, and we were in- 
formed on alighting that the indications of electricity were very 
faint and weak ; however, we proceeded to our examination, of 
which the following is the result. — 

1. On touching the boiler with the blunt point of a penknife 
anywhere about the circular end, the weight or the safety-valve 
itself, with the steam strongly blowing out of the joint, but with no 
part of the person exposed to the volume of steam, no spark could 
be perceived whatever. 

2. On immersing one hand in tlie current of steam, and touch- 
ing the parts of the boiler already named with the point of a pen- 
knife held in the other, a very minute bJt disunct spark was per- 
ceived, and this occurred equally oh all parts of the boiler, or 
safety-valve, within reach. 

S. By standing in the current of steam, so as to allow it to blow 
forcibly upon the person, the spark became larger ; it was then 
one-eighth of an inch long. 

4. On holding a large shovel in the current of steam with one 
hand, and touching the boiler with a penknife held in the other, a 
spark was obtained three-eighths of an inch long. ' 

5. The cap of a gold-leaf electrometer, the bottom of which was 

held in the hand, was applied to the weight, the body of the 
operator Upg entirely out of the current of steam ; and no diver- 
gence' wt^^roduced whatever. ^ w 

6. The electrometer held in the hand had its cap applied to the 
weight, the other hand of the operator being immersed in the cur- 
rent of steam : strong divergence was immediately produced. 

From this it was evident that the electricity proceeded from the 
steam ; but as the boiler-house was damp, so that insulation by 
glass could not well be preserved, a copper wire was attached to 
the shovel already mentioned, the end of which wire terminated in 
the engine-house, some yards distant from the boiler-house, where 
was placed a table. The shovel was held by Mr. Smith in the 
current of steam, with its edge about an inch and a half from the 
aperture through which the steam issued, and the wire leading 
away from the shovel was insulated by being attached to sticks of 
' sealing-wax held by assistants. Mr. Smith stood on an insulating 
stool 
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7. On touching a pith-ball electrometer, the threads of which 
were five inches long, with the insulated wire leading from the 
shovel held as mentioned, the balls diverged four inches with posi- 
tive electricity. 

8. The wire was attached to an insulated tin conductor, when it 
yielded sparks half an inch in length. 

9. A pointed wire attached to this conductor exhibited the brush 
of light a quarter of an inch long, which always attends the escape 
of positive electricity from a point into the air. 

10. A small jar was now charged so strongly as to give a rather 
disagreeable shdek. By this time a large crowd of men, women 
and boys from the “ Pit Raw,” or pitmen’s residences near the 
colliery, attracted by the novelty and singularity of the circum- 
stances, had gathered about us, filling the engine-house and looking 
on with great curiosity and interest. A circle of sixteen of these 
men and women was formed, and they received together, much to 
their surprise and merriment, a powerful shock from the charged 
jar. This was several times repeated, the numbers receiving the 
shock varying each time from twelve to twenty. 

11. A stout card^as perforated by a discharge of the jar ; and 
cotton wrapped round the end of a copper wire and dipped in 
pounded resin, readily set on fire. 

12. When the edge of the shovel was made to approach the 
aperture through which die steam issued as near as three-quarters 
of an inch, very vivid and bright sparks of that length passed 
continually between it and the boiler. 

13. The second boiler did not discharge steam through any 
fissure, but on lifting its valve by the hand it blew off in a stroqg 
current. Wlien the shovel was held in one hand in this current 
of steam issuing from the safety-valve,^and the boiler was touched 
with a penknife held in the other, a spark passed exactly, as under 
the same circumstances in tlje boiler subjected to the above 
experfbients.** 

From this it would appear that the steam of both boilers was in 
the same electrical condition. 

During the whole ofifpiese experiments the engine was doing 
its work as usual, occasionally going and occasionally standing ; 
but no difference was observed in the electricity given off by 
the steam. 

I have been most careful to supply an exact account of the facts 
of this extraordinary, and, as far as 1 know, unprecedented case, 
but 1 do not offer any theory to account for the phenomena. It is 
hardly possible to suppose that there is any local peculiarity about 
these boilers, or the place where they are situated, to occasion the 
highly electrical condition of the steam produced in them ; and yet 
it is as difficult to suppose the fact of high-pressure steam being 
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electrical^ a general one ; for if it were so^ it could hardly^ up to 
this time, have escaped observation. The^^nditions, therefore, 
under which steam becomes electrical require to be investigated, 
and it is not unlikely that the investigation may lead to important 
results. ^ am. Gentlemen, . 

Your obedient Servant, 

H. L. Pattinson. 

Bcnthani Grove, Gateshead, 

October 19, 1840. 

Ibid. 


LVII. — Specification of a patent for an Improvement in Manu- 
facturing White Lead. Granted to Smith Gardner'^ city of 

New York, August 28, 1840. 

To all whom it may concern; Be it known, that I, Smith 
Gardner, of the city of New Yoik, in the state of New York, have 
invented an improvement in the process of manufacturing white 
lead, known to the chemist under the name of carbonate of lead ; 
and I do hereby declare that the Vollowing is a full and exact 
description thereof. 

The first part of my procedure consists in the treating of metallic 
lead by the well known process by which a pulpy substance is pro- 
duced, which is known to manufacturers under the name of subox- 
ide of lead. This process consists in tlie placing of granulated lead, 
or lead in fragments, in vessels lined with sheet lead, and contain- 
ing water. These vessels may be in a cylindrical form, and made 
t6 yevolve oh their axes, like barrel chums, or they may have a 
reciprocating instead of a revolving motion ; and they may be, and 
have been, varied in form ih different ways, the only essential point 
in their construction being that the lead contained within them 
may be subject to contimied attrition. Thus far, the process is 
indentical with that which has been adopted and followed in many 
manufactories, in which it has been attempted to manufacture 
white lead from the suboxide of lead so moduced. 

In these attempts it has been proposeffio carbonate the suboxide 
of lead, by putting portions of carbonate of potash, carbonate of 
soda, or other carbonates, into the water with the lead undergoing 
attrition, it having been supposed that the alkaline carbonate would 
give up its carbonic acid to the oxide of lead, as said oxide was 
formeu. Independently of the known affinities of the respective 
articles named, 1 have proved, by repeated experiments, on a large 
scale, that carbonate of lead cannot be produced in that way. 
Anothw attempt to convert the suboxide oHead, obtained by tritu- 
ration, into white lead, has been by taking the said pulpy oxide, 
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agitating it in a vessel containing water, and fbrciilg a stream of 
carbonic acid, or of carbonic acid mixed with atmospheric ait, 
dirOugh it. By this process a carbonate of lead has been produced, 
but in so imperfect a manner, as to leave it destitute of all the es- 
sential properties of that article ; wanting the density, body, and 
freedom from colour, found in good white lead. In consequence 
of these defects, the attempts hitherto made to manufacture white 
lead from the suboxide produced by triturating fragments of lead 
in leaden vessels, under water, have proved abortive ; but, by a 
very simple variation of the process, I have succeeded in producing 
good white lead, which has been pronounced by judges to be 
equal to the best that is imported. 

As it was fairly proved that the suboxide would not combine 
with the carbonic acid, ailer said suboxide had been fully formeil, 
I determined to vary the process so as to present the carbonic acid, 
in conjunction with a portion of atmospheric air, to the suboxide of 
lead in its nascent state ; and tliis 1 have found perfectly effectual. 
In order to effect it, 1 triturate my lead with water in leaden cylin- 
ders, or other vessels, as above described, but, instead of leaving 
the vessels open, or perforating them, for the admission of atmos- 
pheric air, 1 make 'them*' close, by means of suitable shutters, or 
stoppers, which may be removed whenever it is necessary so to do ; 
and during the whole time that the trituration is continued, I in- 
troduce carbonic acid, accompanied by atmospheric air, into the 
triturating vessels. When these vessels are in the form of hori- 
zontal cylinders, I pass the gases into them through hollow gud- 
geons ; a mode of construction and procedure well known to ma- 
chinists ; under other forms or modes of constructing my triturating 
vessels, I adopt whatever means I may consider the best for intro- 
ducing the gases within them. The result of this process is, tl^at 
the nascent suboxide of lead presented to the oxygen of the at- 
mospheric air, and to the carbonic acid, combines with them, and 
at once produces a perfect carbonate of lead, possessing all the 
essential properties of that article. I in general open each tritu- 
rating vessel once in about twelve hours, to remove the carbonate 
of lead which has been formed within it. This may be done more 
or less frequently, according to circumstances. 

When the carbonate oflead thus manufactured, is first obtained, 
it generally has a light tinge of blue, but this disappears in the 
pnksess of drying, and it is not important, therefore, to adopt means 
to prevent it ; I have found, howqver, that by introducing a very 
small porlion of the vapour of vinegar in conjunction with the 
ajtmospheric air and carbonic acid, the white lead is at once obtained 
porftctly free from colour. 

The carbonic acid may be generated by the combustion of coal, 
or by the decomposition of carbonate of lime, or of otjier car- 
bonates. 
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]MMil tf fBasnib^^ white lad, ne cw temu te ^ hfA^ mm 
pointed oat the difioram mtiiemnQ09f iModoiited If 
ibm hmtetoe fdQowect wfaot 1 claiiii fkmm as of 
and dteire to seoure by letters patent, is, sinmly. dte tetri^od^ ^ 
carbomc add and of atmospheric atr into cio^ veiJidtf in mmm 
fiagments of granulated lead is sulnected to long contmsm 
tim in water; the introduction of these gases beinff intelliRM to 
^ply tbe p^ion of oxygen and of carbonic add necessia^lW 
convert tbe nascent suboxide of lead into white lead; by WnMi 
means a perfect combination is effected, and the dtedted^ result 
attained, as herein set forth. Smito 4GrMnimiL 


Specihcaiion of a patent for Manufacturing Carbonate and otter 
Salts of Lead. Granted to Homer Hollanu, 
Massachnseits^ November Sd^ 1838. 


To all to whom these presents shall come : Be it known, thot T, 
Homer Holland, of the town of Westfaeld, in the county of Hamp- 
den, and state of Massachusetts, have invented several new im- 
provements in processes for compounding, making, and producing 
pulpy compounds from Metal1i(f4ead, and of converting said pulpy 
feau into sulphate and carbonate of lead for white pigments ; and 
also for making of said pulpy lead into chromate of lead, known as 
chromic yellow ; which special improvements in compounding have 
not heretofore been known or used : and that the following is a full 
dittBriminating, and exact description of said methods, sulteieni in 
detail to distinguish the same from all other proce88es> and to li- 
able any one skilled in chemistry to apply and use said impnms- 
ments understandingly. The special improvements #Uch 1 would 
describe and claim, consist, 1st. ki using any alkaljne Haiti or 
substitute, in the moistening solution for tne charge and ehamber, 
or open headed cylinders, described and mentioned in my patent 
dated the I8th day of March, 1836, whose elements oonrilt essen- 
tially dfoxygen, carbon, and hydrogen, iiupny nroportk^a# 
of a&Bline carbonates, before recommended and emplo]^ fs 
augment the electro-diemical action, increase the 
nmify and fiscilitate the combination of the elements ^wlih 
pulpy lead, by their presence, or catalylically. ^ ^ 

Acetates of lead, whether n^ral or bask, alsii eugtei 'Md Offm 
alctdiol, may be advantageously used in the to moiihpi 

chamber, and 4 \ ^ 

SA In adj^ng the pulpy coi»}Anml, preduteed «i 

detcfibed in my said patent, % acetate and nitrate of lead, or with 
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the catalytic additions with neutral chromate of potash or soda, or 
hj dissolving the alkaline chromates in water, and using this chro- 
mic solution as the moistening of charge and chamber. 

The chronic pulp, after subsiding, may have most of all the 
alkali withdrawn by decantation, and the remainder neutralized by 
washing with water, made acid by sulphuric or other acid. 

The commercial bichromates of potash and soda are to be made 
neutral by the addition of suitable proportions of their respective 
bases. 

The economy of the above process, in making chromate of lead, 
is in substituting the plumbic compounds in their nascent state, for 
the expensive plumbic salts, acetate and nitrate, now usually em- 
ployed in the manufacture of chromic yellow, 

3d. In niy said patent for oxidizing and producing lead pulp> 
although, in the incipient stage of the operation, the lead may be 
an under oxide, the subsequent exposure, iii the open-headed 
chambers, to the continuous and conjoint action of the elements 
which constitutes the atmosphere, water, and catalytic additions, 
together with the friction, andtiie known and established propcity, 
or capacity, whicl^ all ^netals, in a minute state of division, have 
of absorbing, dissolving/*® or combining with, all elements with 
which they are in contact, constrains me to disclaim the opinion, 
that plumbic pulp, under any circumstances, can be considered a 
definite compound, and much less an oxide ; but that it is a com- 
pound of lead, into which the elements, hj^clrogen, carbon, and 
nitrogen, and their compounds, enter, as well as oxygen. 

By the foregoing explication of the pulpy plumbic compound, 
the following rationale of the modifications of the pulp, in convert- 
ing it into a perfect carbonate, or sulphate, will be appar^ent. 
After carbonating the pulp with certiiin catalytic auditions, artifi- 
cially, should there be any basic salt,it is to be removed by washing 
in an alkaline solution, boiling, particularly in making the sulphate 
of l#ad, tbc pulp must be boiled to modify the plumbic hydrate by 
more highly oxydizing the pulp. 

The sulphate of lead is made directly from the pulpy lead, 
modified and oxydized by heat, while in its moistened state, by 
digesting it, in any quantity, with sulphuric acid of commerce, 
previously diluted with twice its measure of water, (more or less,) 
and suffering the acid thus diluted to become perfectly cold, previ- 
ous to adding tht; pulpy lead. ^ 

It is necessary to boil the dilute sulphuric acid and pulp 
thoroughly together in a shallow leaden vessel, with rather an excess 
of acid, that the product may become a perfect sulphate ; in this, 
great caution is requisite, otlierwise the product will be, more or 
less, a mixture of sulphate, hypo-sulphate, or sulphanide of lead, 
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and its colour changed by mixing and painting in oil. Besides^ it 
will not be as dense, fine, and fusible. 

All the pigments should be thoroughly washed in several waters, 
and may be dried by the well known methods. 

The cylinders mentioned in said patent, I now make about four 
feet in length, and thirty inches in diameter, wholly of lead, either 
sheet or cast, about one-6flh of an inch in thickness. The ends 
are entirely open, except an inner rim to retain charge and moisten- 
ing fluids, or solution, with forming pulp, and allow a free circu- 
lation of the atmosphere for its elements. 

They are mounted on an axis, passing through their centres, 
and the centres are of iron, with arms which are attached to the 
rims of each end of the cylinders. The rotations may vary from 
six to nine times a minute, and are moved by a drum and belt, or 
other gearing. The pulpy lead may be withdrawn every six, eight, 
or twelve hours. The medium charge is fifty pounds, and the 
moistening fluid, or solution, from three pints to three quarts, or 
more. 

I claim, 1st. The process and method of using the alkaline salt, 
carbonates, and other Ccataly tic substitutes, as hereinbefore men- 
tioned, in moistening charge, and chambers, described and men- 
tioned in said patent, in producing pulpy plumbic compounds ; 
and I do not intend to restrict their application and use to pulpy 
leads produced by revolving chambers alone, but to extend their 
application to the compounds of lead produced by other methods 
of friction, whether substituted, or adopted, to evade my chambers. 

2d. I claim making chromate of lead, as above specified and 
described. 

Sd. I claim modifying the pulpy plumbic compounds above de- 
scribed for carbonate of lead, and particularly the processes de- 
scribed for making a definfte sulphate of lead, by digesting, 
boiling, and washing, as above discriminated, and made plain and 
distinct. • Homer Ik)LLAN^D. 


Remarks hif the Editor, — We have inserted the three foregoing 
specifications on the manufacturing of white lead, and of other 
compounds of lead, because the particular process upon which they 
are dependent, that of ])roducing these compounds from lead com- 
minuted by trituration, has, of Jate, excited much interest, and 
been a subject of frequent inquiry. The first of these specifica- 
tions leads to the conclusion, that Mr. Holland supposed this pro- 
cess to be new in the year 1 836, whilst the fact is that it was the 
subject of a patent obtained by Jo 3 ep]> Richards, of Philadelphia, 
in the year 1818. A manufactory was also established at Norris- 
town, Pennsylvania, in which the triturating process was em- 
ployed, and after essaying the thing for a considerable length of 
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time, the plan was given up. The white lead prcxluced was defi- 
cient in body, and its colour was said not to be good. 

That Mr. Holland found the process of 1836 defective, is to be 
inferred from his patent of 1838, for impiovements in it. We 
should be glad, however, to obtain his own account of this matter, 
as we might err greatly by detailing the information received from 
others. 

Mr. Holland's second specification we think much more elaborate 
than clear ; had language more simple been used, it would have 
rendered his meaning more obvious to the great body, even of those 

skilled in the art." We have ventured to insert, and to change 
a few words, where we thought that it might be safely done, but 
further than this we have not gone. 

On the 7th of June, 1838, Mr. William Cumberland, of New 
York, obtained a patent for a process of manufacturing a white 
pigment, the specification of which we published in vol. xxiii. p. 
405i. The patent obtained by Mr. Gardner is, it will be seen, for 
a particular variation of the process of oxidizing and carbonating 
the pulpy lead, and by which, he states, a very superior white lead 
is obtained ; and his statement has bfeen corroborated by others. 
We shall have 8ometliing*further to say on this subject. 

* Journal of the I'rauklyn Institute. 


LVIII. — On the course or path of the Kleclric Fluid. *By Hen by 

Dircks, Es<;2. 

Head before the Literary- and PblosophicaJ Sorioty of J.ivcrpool, Nov. 16. 

Altfiough*we have two principal theories by either of which we 
may account for electrical phenomena, yet as is well known there 
is no theory that is universally adopted. We prefer that of Du 
Fay ot two fluids, the resinous and vitreous, whereas in America 
the Franklinian theory of a single fluid continues to be received. 
It is certainly a curious and remarkable fact, that this important 
point which appears to be at the very head of our inquiry, in in- 
vestigating the nature of this exceedingly subtle agent, should 
have so long withstood every effort that has been made to develope 
its operation ; and that with our expended means of pursuing this 
interesting investigation, philosophers should still remain divided 
in opinion. We agree that it*is the same agent which is at work 
in atmospheric, frictional, magnetic, voltaic, organic and thermo- 
electricity, The same data are taken up by the favourers of either 
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theory to prove their seveial positions ; that influence of points ia 
alike advanced to prove the existence of one and of two fluids. 
Franklin and all electricians after him^ speak of the star and the 
brush, the former negative, the latter positive ; whereas Dr. Fara- 
day contends that under favourable circumstances, and especially 
in some gases, the negative and positive points both offered the 
electric brush of light. We are all familiar with the experiments 
proposed as evidence of the existence of a single fluid, as the action 
of a flame between two balls, one positively, the other negatively 
electrified, by which the latter becomes very much heated ; the 
stream of air produced when a point proceeds from a conductor,; 
the manner of charging the Leyden phial ; and especially tliat 
given by Mr. Lullin, when the discharge of a jar is made to per- 
forate a varnished card, between two points on either side, but 
half an inch asunder, by v/hicJi the point proceeding from the 
negative side invariably perforates the card, although a hole may 
have previously been made opposite the positive point, wlicre a 
perforation docs not otherwise occur ; also the common discharge 
through a card placed against a cliarged jar, w here a burr is pro- 
duced on both sides, bat more markedly if the card is set vertically 
hetw’ecn the points of the universal discharger, when the burr will 
be found larger on the negative side ‘.where the positive electricity 
may be supposed to make its exit, and smaller on the positive side, 
the outlet for the negative or resinous electricity. The appearance 
by perforating bodies, migljt at first seem conclusive that there are 
two fluids, but it Ins occurred to the wTiter, and may be worthy of 
notice liere, in explanation of the double burr, though he has never 
met with any noliec of a similar view of this subject, being taken 
by others, that, as the electric fluid is so rapidly excited by triction, 
pressure, and slighter causes ; llie electric disebarge itself, by its 
aiiiazing rapidity, may become the exciter of a quantity of the 
fluid previously latent, which brought into activity, a reaction may 
be thereby produced, and this whether there is one or two fluids. 
This seems to be both a reasonable and highly probable conse- 
quence. * 

We here have instances of the effects of the electric fluid, but 
can neither arrive at any conclusion respeciing its nature, nor as- 
certain the direction of its course. As we might hope to arrive at 
something more conclusive by considering this latter point, which 
indeed is the main object of the present paper, we shall proceed to 
this more important inquiry. 

One known means of tracing the passage of the electric dis- 
charge is that matlc when thejpoints of the universal discharger are 
placed an incli apart on a card, having a broad line painted on it 
with Vermillion, wlu'n the discharge leaves a well defined irregular 
black line. Observation in this way, however, is very limited. 
'We wish to arrive, for instance, at something definite whether 
there is one or two fluids —and we wdsh lo set? in the path it takes 
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whether it passes right over, meets half way, or pisses sitle by side. 
In shorty what are the peculiarities exhibited by the discharge of 
the Leyden jar ? 

Dr. Faraday, in his most excellent and alaborate Researches,” 
states that an ever present question on his mind has been, ^‘Whe- 
ther electricity has an actual and independent existence as ajfluid 
or fluids, or was a mere jiower of matter, like that we conceive of 
the attraction of gravitation. If determined either way” he adds, 
*‘it wopld be an enormous advance in our knowledge.” Not only 
every experiment which has for its object the elucidation of elec- 
trical phenomena, but likewise the opinions of electricians may 
truly be said to be of extreme value. It is well, therefore, that 
Dr. Faraday has put on lecord as wx‘ll in what he succeeded as in 
what he fliiled. The ill success of one mav suggest another course 
of experimental inquiry to some other worker in this prolific field 
of scientific research, and thus we may liope gradually to develop 
many iiTii)ortant results in connoxion w'ith electrical science, from 
which, wdth good cause, we expect to reap many discoveries of 
great practical benefits. 

It early appeared to me quite within the range of possibility to 
render tin’s active flifid a\e]l-tale, as it wcrcs o(’ its own progress, 
especially in conducting the discharge? of th(‘ Leyden battery. I 
felt convinced of tin’s from what has already been noticed of the 
piercing of cards, the black line left on a vennillion coloured card, 
and also from the markings left on the iincoated glass by the 
spontaneous discharge ol* an overcharged jar. Hut my object was 
to obtain evidence on a larger scab?, and of a more conspicuous 
character. 

My first experiments were made with a piece of window glass 
four inches square, smeared on one side w ith a mixtui^ of flow'efs 
of sulphur and white lead ground together with gum water, laid 
evenly on the glass and dried. Wlum ’placed against the side of 
the Leyden jar, the charge may be passed over it by using the 
discha^ing ^od, in which way a* dark brownish line two or three 
inches long, having a circuitous course, is easily produced. 

Not satisfied with this result I at length adopted a plan which 
successfully affords an interesting illustration of the path of the 
electric fluid through a cojisiderable space, varying with the quan- 
tity of charged coated surface. From 18 inches to 2 feet is easily 
obtained with a gallon jar, or battery of equal capacity, provided 
the electrical machine is in good working order. The means of 
effecting this will appear very simple, though the conditions requi- 
site for its succerss arc not so obvioiii as might at first appear. 
Take a broad oblong plate of glass, plat under it a sheet of white 
paper, then by striking a fine Iwir^-sieve , ontaining iron filings, let 
fall on the glass an equal distribution of t \e filings until they ( om- 
municate a dark -grey shade over the paper. • The glass so prepared 
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is to be placed in the line of communication for making the dis- 
charge. When this is done with the white paper under the g1ass« 
the result is most conspicuous^ beautiful, and interesting. The ap- 
pearance that instantly follows is something like a map of a ser- 
pentine river, with often small branches issuing out in many 
streams at some of its principal windings and again running into 
the main branch. Throughout the tortuous course of this passage 
the iron' filings are swept away to the breadth of one-eightli to a 
quarter of an inch and upwiirds by the rapid transit of the fluid, 
witli as much neatness and precision as if carefully removed by 
some process requiring extreme care and delicacy of manipulation. 
Often a few grains form an irregular central line. If a short pie^ 
of crooked wire in the form of a ring, arch, or helix, be placed in 
or a little out of the direction of the fluid, it is made part of the 
circuit, and the filings are not disturbed if any arch^ form or 
immedi<ate connection offers a more perfect conductor. On shaking 
the filings off the glass no trace appears to remain, until breathed 
upon, when a clear thread like line, having a slight dark colour, 
becomes distinctly observable.'^ 

The success of this experiment seems to depend on a peculiar 
arrangement, and the best 1 have found, ie to have the Leyden jar 
placed on the edge, c'^nd touching the’' filings at one end of the glass 
plate ; a perpendicular rod of thick wire being at the other, from 
the top of which, a connexion may be made (by a discharging rod,) 
with the ball of a Leyden phial. A full charge is requisite to make 
a good marking of tlie path, and the filings should not be too 
thickly spread, otherwise the electricity pasces over in flashes ; a 
communication, too, should be made between the outside of the jar, 
and some good conductor. The vertical pillar at the further end of 
the plate, has been formed to answer when long thin bent wires 
proved quite ineflectual. 

It is only to be regretted that this beautiful experiment leaves 
the subject still open to enquiry ; but this may be one step, whicli, 
in other hands, may be made serviceable in obtaining greater insults. 
I cannot pass over, in this place, mentioning a very easy means of 
tracing, and so registering, the several experiments made at each 
discharge. This is done by taking the glass, strewed with filings, 
and having a marking which is to be copied ; on each end or down 
each side place a thin lath, on this lay another, but of plain glass of 
equal size, over all place a slip of paper long enough for a tracing. 
Now, rest the glasses between two tables set apart, or between two 
fiat bars of wood, resting on a table, and in such a situation, that 
a small lighted candle placed on the floor, will throw the shadow of 
the filings up through the glass on the back of the paper. 1 here 
being no other light in the room, this is easily done. Ur by giving 
a coating of thick glue to cartridge paper ; this, if carefully man- 
aged, would take up the filings off the glass, and show a reversed 

* A description of tho epparalus will be seen at the end oi' the article. 
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specimen of the electric path. In this way I have taken the filings 
and preserved the figure made by the magnet. 

Another experiment^ too interesting to be omitted, was performed 
with a few sheets of strong pointing paper, stitched like a pamphlet. 
In the first experiment made with this, it was laid on the table of 
the universal discharger, and the balls being removed, the blunt 
pointed wires were placed on the paper, an inch and a quarter 
asunder ; the discharge of a very large jar, slit the paper, giving 
it the form of two small folding doors. With a mixture of equal 
parts of flowers of sulphur, and red lead, the face of the upper and 
three lower leaves were strewed over. The result on making the 
discharge was not always the same — thus 

Ex. 1. In a passage of one and a quarter inch, the positive end 
was harmlessly passed over for more than one-third, leaving only 
a dark line on the top leaf ; from hence to the negative end, the 
paper was ripped open, the cut being in shape like the letter H. 
On examining the lower or second leaf, the remaining two-thirds 
of the passage, that is, the Jiorizontal line of the f I., presented a 
broad black marking, which had struck also to the under side of 
the upper leaf. The Jthird leaf was untouched. 

Ex. 2. This was precisely tfie same as the foregoing, with the 
exception of being a shorter path, and more violently torn, so that 
the rent, formed a very oblong H., and the positive side was unin- 
jured for near half way. The remaining lialf, which* we call the 
negative side, showed a broad black band on the face of the second 
leaf. 

Ex. 3. This passage was remarkable from the paper being 
pierced on the positive side, clear of the rent beyond it, w'hich was 
of a very imperfect H form. The paper was unmarked*and unin- 
jured for a quarter of the path on the positive side, at the end of 
this tlie paper was pierced with a small Role. On the second leaf, 
a round black spot occurred, corresponding with this terminus of 
the positive side, and at the negjftive end where the rent begins, 
there was another black spot or star, both connected by a straight 
cut in the paper not discoloured, and branching off right and left at 
the negative end, in form like a T. The third leaf not marked. 

Ex. 4. Here the passage from the positive was marked one- 
third with a faint line, at the end of which a small hole appears, 
and another hole at the commencement of the negative passage, 
without tearing the paper. On thci second leaf these holes have 
corresponding black perforated spots, and on the third leaf there is 
a broad black mark, with a corresponding one on the upper side 
of .the leaf above it. These black marks are all very like the re- 
presentation of mountains in a map, and have a white band running 
through their centre. 

Here, as in Mr. Luliin’s experiment, there is a tendenry on the 
negative side to enter the paper, although its] surface is covered 
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avirlth a €bn&actitig,subst£ince. There is more violence, too, oh this 
:^i9, vrhere indeed ^e have a disruptive discharge. These ei^peri- 
^ehts are on many accounts exceedingly interesting. would 
a|>pear as if the positive or vitrious electricity had greater vdocity 
jUian flie negative, that the two electricities meet at this point, and 
‘^uniting cause an explosion, followed in this instance by a chemical 
efect — the production of a ^ulphurct of lead, which marks only the 
^remaining tiyo-thirds of the path. This, if correct, would seem to 
offisr some modification in the remarks Dr. Faraday malces on the 
huiu^ent — he says, ** It is a most important part of the character of 
.. Current, and essentially connected with its very nature, that it 
is always the same. The two forces are cver^ where in it. There is 
netfer one current of force, or one fluid only. Any one part of the 
current may, as respects the presence r)f the two forces there, 
be considered as precisely the same with any part j and the niunc- 
rous experiments which imply their possible separation, as well as 
the theoretical expressions which, being used daily, assume it, arc, 
1 think, in contradiction w^ith facts.*' What he next adds is too 
remarkable in connexion with our experiments not to call for spe- 
cial notice. ^Mt appears to me to be as impossible to assume a 
current of positive or a current of negative force alone, or of the 
Uvo at once with any predommance of the one over the other, as it is 
to give an absolute charge to matter.*’ (lC27.) The establishment 
of this as a^fact or its disproof he justly considers of the utmost 
importance. 

We might almost be inclined to inquire in reference to the elec- 
trical experiment from the consideration of which we have digressed. 
Has the resinous electricity a tendency downwards, and the vitreous 
a tendency upwards ? Ur, has the latter greater velocity than the 
•former ? Or do these ex])eriments at all prove that the centres 
of the two forces (or electricities), or elements of force, can be 
separated to any sensible distance ?** 

November, 1 840. 

Fig. 2, plate vi., Shows the arningeBlcnl of a^jaraUis for miikiug %long path 
through iroD filings. A, the Lovden jar* B, a glass pillar mounted with a wire 
supporting the metal bar C, D. A, D, B, a plate df glass strewed over with iron 
filings. C, E,F, llic discharging rod which to complete the connexion in 
making tho discdinrgo. 

Fig. 3. A, B, D, the glass plate and filings displaying the paUi of the electric 
fluid. A, the negative ojid, B, the positive. 


LIX.— On Electro- Magnetic Forces. By J. P. Joule, Esq. 

C?. I have in my last paper described a method of constructing 
the electro-magnet which is attended by great results. The few 
additional experiments which I hkve now the pleasure of submit- 
ting to the readers of the Annals," are, I think^ confirmatory 
of the principles before advanced. 

68, A piece of slab iron was (as in the manufacture of gun bar* 
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teh) fomecj into a spiral and welded on a mandril into the shape 
O^a thick lobe, by iJCMch process the iron was rendered very com- 
pact ahd sound throughout. This, and another piece of iron which 
was in'^ded for on armature, were planed^ turned, and htted with 
eyfe hole scre\rs in the manner that I have previously described 
( •^ 9 )*. In fig. 1 , pi. vii. C. represents the eleetro-magnet, D.' the ar- 
mature, and A* B. a conductor of copper rod or wire passing along 
one side* returning by Uie axis, and then away by the other side, 
so as to go about the whole once only, and in a shape somewhat 
similar to that of the letter S. The length of the electro-magnetic 
cylinder is two feet ; its external diameter is 1*42 in., and its inter- 
nal, 0‘5 in. ; the w^eight of the iron of the magnet, with the screws, 
is 6 lbs. 11 oz, ; that of the-arraature 3 lbs. 7 oz.; and the least 
sectional area of the magnetic circuit (49), lOi square inches. 
This electro-magnet, in order to distinguish it from the rest, I call 
No. 5. 

69 . A copper rod, I of an inch thick, was covered with a ribbon 
of cotton, and bent about the cylinder as I have just described. 
The electro-magnet and its armature vrero then secured, by means 
of cords passing through the eyeholes, to strong pieces of iron 
affixed to the levera^ (4ii,). A battery consisting of eiglit of the 
cast iron cells (66‘), each of which presented an effective surface of 
two square feet, was arran.ged as a single pair, and, in connection 
with the elcctro-magnct, induced a lifting power of about 1350 lbs. 

70 . Being aware that a bundle of thin w ire is a ‘much better 

conductor than a rod of the same weight and length, I removed 
the copper rod and substituted for it a bundle, consisting of GO 
copper wires, eacii of an inch tliick. With this arrangement 

it W'as found that 1 () cast iron batteries, in a series of ^2, produced 
a lifting pow'er of I 80 G !bs., or 183 times the weight ^f iron em- 
ployed in both the magnet and its armature. 

71 . Now, by dividing tlie power thuS obtained by the least sec- 
tional area of the magnetic circuit upon which it is induced, we 
have atfpecifk power of 181, whlfch is only two-thirds of tliat which 
a comparison with other electro-magnets would lead us to expectf 
This deficiency is, I think, mainly owing to the very small relative 
quantity of conducting metal about this (No. 5) electro-magnet, a 
deficiency which demands a proportionate increase of battery 
power, in order to produce the same effects. This, with the diffi- 
culty of making the weight bear evenly on every part of so long a 
cylinder, may, 1 thirk, satisfy us that, if every circumstance were 
strictly attended to, its maximum fifting power would obey the 
gcmeral rule. 

,7$. Having suspected that (he extreme power of the large electro- 
. !$> had not been attained in my last experiinentsS, on 

Bcpteuiber, Vol. 5, p. J90. 

+ 4, Aimals, Vol. 5, p. 193. 

^ For '-a^description of this electro-znagUet, see (39), Vol, . 0 , p. 190. It has 

■ . 3 M 
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account of the imperfect Insulation of its coils (4<5;, I was deter* 
mined to try it again> and to use every precaution which was calcu^ 
lated to develope its magnetism to the full extent The old wire 
was removed* and copper wires l»S5th of an inch thick, and 23 
feet long, were bound together by cotton tape. This was wrapped 
on the iron, which had been previously insulated by a piece of 
calico. 

75. Sixteen cast-iron cells, of the same size as those previously 
described, were^ then arranged in a series of four, and connected by 
sufficiently good conductors to the electro-magnet The power 
which was then necessary to break it from its armature was I8775lb8., 
or nearly a ton and a quarter- An immense weight, when it is 
considered that the whole apparatus, hiagnet, armature, and coils, 
weighs less than ^61bs. 

74. Now by the formula x = 280 a (51), we have 280 X 10 = 
2800 for the greatest lifting power of this electro-magnet, or only 
25]bs. more than that actually found, which cannot but be con- 
sidered as a striking proof of the accuracy of the general principles 
I have before advanced (49). That the saturation of the irrni was 
very nearly effected, appears from the fact that the quantity of 
electricity used above, was fourtimes as-grea** as that which was 
competent to make the same electro^ magnet carry ig cwt. 

75. Although the battery that I have used for obtaining maxi- 
mum effects is very powerful, a very good lifting power may be 
attained by means of a very small voltaic arrangement. For in- 
stance, No. J can carry 8 cwt. when the current generated by a 
single pair of 4-inch plates of iron and amalgamated zinc, is passed 
through its coils ; and with single plates of platinized silver and 
amalgamated zinc, exposing only two square inches of surface, the 
attraction is«such as to require the utmost force I can exert, even 
to slide the armature. 

Broom Hill, near Manchester, November, !23rd, 1840. 


Errata in Mr- Joule's paper on Electro-Magnetic Forces-— 
Vol. 4, p. 478 , table 4, for l6*6‘ read 1*66. Vql. 4, p. 481 , line 25, 
for considerable read considerably. Vol. 5, pi 19^> table vii., fmr 
26 and 11 read 2*6 and ri. 


been presented to the Kojal Yietoria Oalleiy” sf Manehester, where 
remeifne on exhibition. 



Brhuh Atscoiaiiim ProetkJings. 


47 * 


WHITISH ASSOCIATION PROCEEDINGS 

AT GLASGOW, 1840. 


Sr. Playfair "On a New Fat Acid.”— Dr. Playfair had examined 
aome of the vegetable fats, for the purpose of ascertaining whether the 
margaric acid contained in them possessed a constant composition. He 
remarked that the acid in the butter of nutmegs was peculiar, and had 
not formerly been examined. Pelouze and Bondct have stated in the 
Annales de Ckimie, that it is margaric acid. Dr. Playfair consideried 
that the radicals of serecic and (cnanthic acid were similar; in the 
former, however, one equivalent of hydrogen is replaced by one equiva- 
lent of oxygen. It is a beautiful white crystalline compound melting 
at C., and is soluble both in alcohol and ether. ^The combination 
of the acid with oxide of glyceril, exists in the butter ; it unites with 
metallic oxides and forms salts : these were described, but the results 
are not susceptible of analysis, as they were principally numerical. 
The formula of the a«id is»C H O . 

. 28 • M 3 

Dr. Ettling " On the Indentity of Spiroilous and Saliculous Acid.” 
—The oil discovered by M. Pagcnstecher, and obtained by the distil- 
lation of the spiraea uhnaria, has already attracted considerable atten- 
tion. Dr. Ettling had analyzed it previously to the appearance of M. 
Piria’s valuable paper on Salicyl. The oil decomposes into two oils on 
keeping, one of which is specifically lighter, the other heavier than 
water. Dr. Ettling discovered that the latter possessed the same com- 
position as hydrated benzoic acid. The action of ammoiTia on'^the fiil 
gives rise to some new interesting compounds. In order to obtain these 
compounds it is iudifierent whether saliculous or spiroilous acid be 
employed. The final product of the action of ammonia upon these, is 
the amide of^alicyl (salicylamidcf). This body evidently belongs to 
the class of amides, for it does not evolve ammonia, on the addition 
either of potash or of acids. The cause of its formation is as follows : 
three atoms of saliculous acid unite with three atoms of ammonia, and 
form saliculite of ammonia, whilst three of hydrogen and oxygen com- 
bine together and form water. This salicylamide unites with copper, 
iifdn, and lead, forming compounds. 

Professor Liebig "On Poisons, Contagions, and Miasms.'* — Dr. 
Playfair stated that he had prepared, at the request of the author, a 
statement of Professor Liebig’s new views on the, subject of poisons. 
Poisons might be dirided into two classes, those belonging to the inor- 
ganic and organic kingdoms. Many substances were called inorganic 
pbisbhs which had in reality no claim to be considered as such. Sul- 
phuric, nitric, and muriatic acid, when brought into contact with the 
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animal economy^ merely destroyed the continuity of the organs^ ’«n4 
migfaihe compared, in their modus operand^ to the action of a 
iron, or a sharp knife. But there are others — and these are the true 
inorganic poisons — which entered into combination with the substance 
of the organs without effecting any visible lesion of them; Thus it is 
known, that when arsenious acid or corrosive sublimate is added to u 
solution of muscular fibre, cellular tissue, or fibrin, these enter into 
combination with them, and become insoluble ; when they are intro- 
duced into the animal organism the same circumstance must happen. 
But the bodies formed by the union of such poisons with animal sub- 
stances are incapable of putrefaction ; they are incapable, therefore, of 
effecting and suffering changes; in other words, organic life is de- 
stroyed. Tlie high atomic weight of animal substances explains the 
cause of such small quantities being requisite for ]n*odiu*ing deadly 
effects. After stating sever.'! I ch.miicul details on this subject, it was 
shown thar. to injite with 100 grains of fibrin, as it exists in the human 
body, (i?) which it is combined with 30,000 ]>arls of water) only 3j 
grains of arsenioffi acid arc necessary, or 5 grains of corrosive subli- 
mtUo. The second class of poisons were those belonging to the organic 
kingdom. For some such substances as bnicia and strychnia, no data 
exist by which it can he determined to what cause their action may be 
assigned. But the morbid j)oisons, such as" ]>iurid animal and conta- 
gious matter, a])poar to owe their action to a ])pculiar agent, which 
exerts a much more general and povver/ul action than chemists are 
aware of. 'riius, when oxide of silver is thrown into peroxide of 
hydrogen, the oxide is reduced, and metallic silver remain.s. Here 
there can be no affinity, fur oxygen can have no affinity for oxygen. 
It inendy that a body in a state of motion or decomposition is 
capable of inducing uj)on or imparting its own state of motion or de- 
composition to any body with wliirh ii may b(! in contact. There is 
a (Jisease frequently produced in Germany by using decayed sausages 
as an article of food. The symptoms attending the disease are re- 
markable, and disiincily indie .ito its cause. The ]>ationt afflicted with 
ihu disease becomes much emaciated, dries to a complete* mummy, and 
finally dies. The muscular fibre and ell parts similarly coiiy)osed disap- 
pear. The cause of this evidently is, that the state of decomposition, iu 
which the component parts of the sausages art', is communicated to the 
constituents of the blood, and ih.is slate not being subdued by the vital 
principle, the disease proceejs until death ensues. It is remarkable 
that the carcases of the individuals, who have died in consequence of 
it, are not subject to ])iUrefaction. The cause of the action of con- 
tagious mailer is similar. It is merely a gaseous matter in the etaie 
of ivansfonnaiion, utkI capable of ‘-imparling the state of transposition, 
in which its atoms arc, to the elements of the blood. It is capable of 
being reproduced in the blood just as yeast causes its own reproduc- 
tion in fermenting wort. The causes of the action of yeast aij.d of 
contagion were shown it) be the same, and examples were produced in 
which similar reproductions take place in common chemical processor, 
Tliere are two kinds of yeast used in the brewing of Bavarian beer. 
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The fena^tation caused by one is tumultuous ; that produced by tlie 
other is tranquil. They, therefore, induce the peculiar slate of irans- 
positiou in whicii their atoms are upon the elements of the sugar. 
The same was shown to be the case with the vaccine virus of cow and 
human small-pox, of which, one produces a violent action upon the 
constituents of the blood, whilst the other causes a gentle action quite 
distinct from the former. 

Professor Hannay said he could not exactly coincide with the views 
ptpposed regarding Che action of inorganic poisons, as he was con- 
vinced the cause of their virulence was owing to something further than 
mere combination witli the animal membranes; nor could he coincide 
in the comparison brought forward by Dr. Pl.ayfair, that siil})buric and 
<|pii|ie acids merely acted like a healed iron, by destroying t])e con- 
lihiiity of particular organs. He thought that through the course of 
the inquiry chemistry had been too much kept in view, and that medi- 
cine had not bef3n su/Ticiently consulted, ft was singular to see us 
brought back to the time of Hijqiucrates, who also bad affirmed that 
contagious matter was a kind of yeast acting in the ])lood. Dr. Play- 
fair explained that Professor Lmhig expressly states in his report, that 
this sui>ject cannot be completed without the eo-oj)eriiiioii i>r])hysio- 
logists; that he had^ the^pfore meiely brought forward tlie purely 
chemical ]>art of th(5 inquiry, and hopetl tlu rehy to draw the attention 
of j)hysiologist8 to its furiher ijivesligulion. Hippocrates had certainly 
compared the action of yeast with that (d* contagious mailer, a)Hl the 
comparison tvas so apt that it could scarcely ho avoided ; but the merit 
of Liebig^s view's is, that h(‘ has explained the action of >east, and 
shown that it is owing to a peculiar agent winch has hiilierio csca]>ed 
attention, but which jdays a very imporlunl part in the phenomena of 
combination and decomposiiion. 

PROF. l-OUBKS IN TIIK riUIR. * * 

On the Decomposition of Glass, Br 'Hitt David Bui:w\stku. 

The»e is n« subject more curiofts or more instructive tlian the dis- 
integration of crystallized and uncrystallized bodies, either by the 
direct influence of chemical agents, or the slow process of natural de- 
composition. At t}i(3 Edinburgh Meeting of the Association, I sub- 
mitted (said Sir David) to this JSection a brief account (which has been 
since published in an fuilarged form in the hidinburgli Transactions) 
ot remarkable optical phenomena ])»’oduced by the instantaneous action 
of water and other fluids on crystals, anti on the'r subsequent decom- 
positioh when placed in their saluratM solutions. Since that time I 
We had occasion to examine the phenomena of decomposed glass, 
both of that which is found in Italy, of which I have received the 
finest ajreciiiiens from Mrs. Bncklaiid and the Marquis of Northainp- 
tefe, atid of other specimens recently found in making excavations 
amdng the ruins of the Chapter-house of the Cathedral of St. Andrew s. 
In' 5:ecomposed glass, the decomposition •commences in points, and 
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extender itself either iti planes so as to form thin jSlms^ or in concentrid 
coots so as to form concentric films. ]^hen the centres.of decomposi- 
tion are near each other, the concentric films or strata which they form 
interfere with each other, or rather unite, and the effect of this is, that 
the glass is decomposed in film of considerable irregularity, their sur- 
faces having a finely mainmillated appearance, convex on one side and 
concave on the other. The films thus formed are of extreme beauty, 
and afford, by transmitted light, colours of infinite beauty and variety, 
surpassing anything produced in works of art. They have the effect 
of dissecting, as it werei the compound surface of the solar spectrum, 
or of sifting and separating the superimposed colours, in a manner an- 
alogous to what is produced by coloured and absorbing media.. I have 
succeeded, indeed, in producing one or more bands of white light in- 
capable of decomposition by the prism ; and there can be no doubt 
that they will be found to exercise a similar or an analogous action on 
the leading rays on the tbermometric s])ectrum. In the decomposed 
glass from St. Andrews, a change of a very different kind is effected. 
In some cases the siliceous and metallic. elements of the glass are se- 
jiarated in a very singular manner, the particles of silex having released 
themselves from the state i>f constraint produced by fusion and subse- 
quent cooling, and arranged themselves circularly round the centre of 
decoin] )osition ; wliile the metallic particle^ which are opaque, have 
done the same thirg in circles alternating with the circles of the silice- 
ous particles. This restoration of the silrx to its crystalline stale, i^ 
proved by its giving the colours of jwlarized light, and possessing an 
axis of double refraction. — The notice was illusiruted by diagrams and 
specimens of the difi’ereiit kinds of "lass referred to. 

Prof, Forbes observed that few jiersoiis can form any correct concep- 
tion of the total amount of the value of glass used in the various optical 
instruments, on the correct action of which so much depended. Whe- 
ther the decojnposition whicli Sir David Brewster had now brought 
under notice, arose from the action of the atmosphere, or from inter- 
molecular action, as Sir David*- Brewster seemed to think, or from some 
original defect in making or annealing the glass, it was of the utmost 
conscquerce. Dr. I'raill had given him a specimen oC a piifece of 
plate glass manufactured near Liverpool, which, when polished, proved 
to be filled with fissures and flaws in the interior ; and he informed him 
that the manufacturers had no means of ascertaining the defect, which 
frequently occurred, until they had gone to the expence of polishing 
the plates. — Sir David Brewster said, that the value of the glass em- 
ployed in philosophical instruments was indeed incalculable, and that 
the most valuable glass articles manufactured by Fraueiibofer,*r of 
Munich, seemed to be peculiarly liable to some siq^erficial decomposi- 
tion of this kind. A prism of this glass in the Observatory of Paris 

*M. Jiamont, theFrofessor of AstroDoray at Muointi, who is in the oonstant-hahit oftising 
Fronenhofer's glasMes, was not present at this conversation ; but he afterwards informed 
David Brewster that there was au easy and effectual *remedy for this tendency of Franonlidfbr'a 
glass to deteriorate on the surface, winch was, to rub it frequently with the finer parts of wUUiiW' 
jirepared by elaborating a mass of ivlntmg in water, the fine powder to oe dried and used on old 
soft linen. 
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had become absolutely black. A prism belpugiog to himself had be- 
come, quite surface^ although as yet its action on light was 

not cfifected. The large object glass of the principal telescope in the 
Observatory of Edinburgh had began to show decided symptoms of su- 
perficial decomposition ; and many other instances also could be men* 
tinned. He considered it of the utmost importance that a remedy 
should be discovered and applied. — Frof. Forbes mentioned some in- 
stances of this kind of decomposition taking place in telescopes on the 
continent, which showed that it was nothing peculiar to our climate. — 
Sir David Brewster did not think it arose from atmospheric action at 
all, but from some mutual action of the particles of glass themselves.— 
Prof. Forbes, Then why is it confined to the surface ? why does it not 
pervade the mass of the glass ? — Sir D. Brewster, Because at the sur- 
face the particles have more freedom than within ; and if the new com- 
pounds are larger than the glass itself, then they have power to expand. 


On the Rings of Polarized Light produced in specimens of Dccom^ 
posed Glass. By Sir David Brewster. 

In the course of a series of experiments ‘‘ On the Connexion be- 
tween the Absorption aof bight and the Colours” of thin plates, pub- 
lished in the Phil. Trans. I , I accidentally observed under the 
polarizing microscope certain phenomena of polarized tints of great 
beauty and singularity. These tints were sometimes linear and 
sometimes circular, and in some .specimens they fonned beautiful 
circular rings traversed by a black cross, resembling the phenomena of 
mineral crystals, or those produced by rapidly cooled circular plates or 
cylinders of glass. Having found in the decomposed glass from St. 
Andrews that the siliceous particles had resumed their position as re- 
gular crystals, and* arranged themseli^:,s circularly round the centre jf 
decomposition, 1 was led to suppose that this was the cause of the 
phenomenon, and that the rings were the oflect of the double refrac- 
tion of the minute crystals. A few experiments, however, overturned 
this hypothesis, and I was soon satisfied, by a little further investiga- 
tion, that the ^phenomena arose wliolly from the polarization of the 
transmitted light by refraction^ the splendid colours being entirely 
those of thin plates, which were sometimes arranged so as to have the 
appearance of concentric rings. The structure by which these effects 
were produced, was compared by the author to a heap of very deep 
watch-glasses laid one above another. When the thin films were 
arranged longitudinally, and were inclined to the general surface of 
the plate, so as to transmit the obliquely, the light was still 
polarized, but only in one plane — namely, a plane perpendicular to 
the plane of incidence. When a drop of roaier or oil was introduced 
^^between the films, the phenomena of polarization as well as of colour 
stantly disappeared. (This paper was illustrated by coloured 
yrings.) 
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On the action of Nitric Acid on the Chlorates^ lodaies, and Bromates 
ofPoiassa and Soda. By Prof. F. Penny. 

The present communication contains the details and results of some 
experiments undertaken with the view of obtaining additional condr- 
nmtion of the correctness of the author’s researches on equivalent 
numbers* In this he has been disappointed, as the action is attended 
by circumstances which render it inapplicable to so delicate a purpose 
as the determination of equivalent numbers. The results, however, 
that he has obtained are new, and he considered them of sufficient 
interest to be worthy the attention of the Section. In order to examine 
the action of nitric acid ujion chlorate of potassa, a known weight of 
the salt was mixed in a retort with a measured quantity of the acid, 
and the mixture heated on a sand' bath ; aS soon as it became warm, 
chlorine and oxygen were evolved in a state of mixture and not of 
combination, and the chlorate slowly disappeared. The solution was 
then evaporated to dryness, and the saline residue was found to be a 
mixture of hyperchlorate and nitrate of potassa, in the proportion of 
three eqiiivoleiits of the latter to one ol‘ the former. The author ex- 
presses the reaction that takes place as follows: — 

4(K-l-Cl-l-0 ) and 3(N-1.0 )=(K.|-CH.O ) and 3(K-1-N-|.0 ) and 

0 & S , 6 

Cl and O 

a 13' 

The action of nitric acid on chlorate of potassa differs, then, from 
the action of sulphuric acid on the same salt. With nitric acid the 
salt is decomposed tranqnilh^ and the chlorine and oxygen liberated 
uncombiried, wlarrcas with sulphuric acid these gases are evolved in a 
state of combination, fonning that dangerously explosive compound, 
chlorous acid. Nitric acid is therefore to be preferred for the prepara- 
tion of hy])er-chlorate of potassa, as with it the 0])cration may be 
copducted without those violent detonations that arc so apt to occur 
with sulphuric acid. The action of iiitiic acid on chlorate of soda is 
the same as upon chlorate of potassa. The chlorine and oxygen 
set free are in a state of mixture, and every four atoms of chlorate 
yield three of nitrate and one of hyper-chlorate. The lyper- 
chlorate of soda is a very soluble salt, and crystallizes in^ small 
rhombs. It is readily decomposed by heat, but is unacted upon by * 
hydrochloric acid. It deliquesces by exposure to the air. The 
action of nitric acid on an iodate is very different from that on a 
chlorate, and is well illustrated in the case of iodate of potassa. 
When iodate of potassa is boiled for some time with a large .excess 
of nitric acid, it is decomposed into potarsa and iodic acid, the 
potassa combines with its pro|X)rtionate quantity^ of nitric , acid, 
forming the nitrate, and the iodic acid is deposited nrom the solution 
in minute, hard, and transparent crystals. If the acid solution of 
niti^e, containing the iodic acid, be then evaporated, a reartibn takes 
place; the iodic acid decomposes lialf of the niti*e, sets free its 
nitric acid, and combines with the potassa, forming the bihiodate. 
This change is completed when the mixture is dry, and if the heat 
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be then withdrawn a definite mixture of biniodate and nitrate is 
obtained. If the heat be continued^ a still further change occurs, 
the iodic acid expels the whole of the nitric acid, which is evolved 
as nitrous acid, and oxygen and neutral iodate of potassa remain. 
By adding a fresh portion of nitric acid to this iodate, the same 
changes may be produced by a proper regulation of t!he temperature. 
By acting upon iodate of soda with nitric acid. Prof. Penny has obtain- 
ed a biniodate of soda, and by adding a considerable excess of 
of iodic acid to a solution of iodate of soda he has found a teriodate 
of soda. Both of these salts are anhydrous. The biniodate of 
potassa contains one atom of water. He also finds that crystals of 
iodkte of soda contain different quantities of water, according to 
the strength of the solution from which they have deposited. From 
a hot and strong solution of this salt crystallzies in acicular tufts, 
and these crystals contain tw'o atoms of water. If the solution be 
rather weak, long four-sided prisms are obtained, and these con- 
tain six atoms of water, if a solution of iodate of scfda be evapo- 
rated spontaneously, large irregular prisms deposit, and these con- 
tain ten atoms of water. They effloresce rapidly by exposure to 
the air, and lose in this way eight atoms of water. The action of 
nitric upon bropiatc;of potassa was next examined, and was 
found to differ remarkably from the actions of this acid on the 
chlorate and iodate. Neither hyper- bromate nor bibromate is pro- 
duced, but merely nitrate of potassa. The nitric acid sets free the 
whole of the bromic acid, and this, at the raoinent of its liberation 
is resolved into its elements, bromine and oxygen. In conclusion, 
the author remarks that the action of nitric acid on these three 
classes of salts affords a ready method of distinguisliing them from 
one another. 

On the tcsUf&r Sulphuric Acid when thrown on the Per^bn, By ft. 
D. Thomson, M. D. 

The object of the author was to discuss the accuracy of the 
modes bf testing sulphuric acid when employed for q^iminal pur- 
poses, abd especially when thirown on the person. A case had 
lately occurred to him in practice, and which was brought before 
the last sessions of the Central Criminal Court, wliich proved that 
the mode of determining the presence o^frec acid by mere testing 
was by no means satisfactory. A woman in a fit of rage threw a 
(Quantity of oil of vitriol at the face of a cab-master in the neigh- 
bourhoii^ of Eustoi: Square, and befoi*e the unfortunate sufferer 
could wash off thfi acid two minutes had expired ; the consequence 
was, loss of vision in the eye. The author stated, that having at- 
tentively considered this case, and made a series of experiments on 
the eyes of dead animals, he had discovered that this kind of blind- 
ness was perfectly curable, and he had accordingly proposed an 
Operation for this puipose in a paper read at the Medical Section. 
But besides having his face injured, the hat of the man was dts- 
, * 3 N 
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coloured also by the acid. This article of dress ivas sent to the 
author^ to determine the nature of the agent in this work of destruc** 
tion. The result of this experiment was^ that the injured hat^ as 
veil as an uninjured one, contained sulphuric acid, as tested by 
nitrate of barytes, and a solution of the soluble matter of both states 
of this article of dress afforded an acid reaction. It vas therefore 
necessary to adopt some method which would afford a discrimina* 
tory test between the free and combined acid ; the usual mode, 
viz. by boiling with carbonate of lead, and concluding, if any insdS- 
luble sulphate of lead was formed, that the acid existed in a free 
state, was found to be totally fallacious, because carbonate of lead 
decomposes sulphate of soda, contrary to the opinion stated in 
works of medical jurisprudence. Besides, it was shown that many 
of the usually so called neutral sulphates exhibit, in reality, an acid 
reaction upon test-paper, as in the instances generally of sulphates 
of potash, iron, soda, barytes, and also in the cases of alum, &c. ; 
and hence tlie excess of acid attached to these salts would be apt to 
act as free acid upon the barytes test, 'fhe author, therefore,, con- 
cludes, that the only demonstrative proof which cliemistry affords 
is a quantitative analysis. Thus he found the entire hat to contain 
*356 per cent, of sulphuric acid, probably in the state of alum or 
copperas, and the injured hat 1.37^ per cent. ; or, in other words, 
the hat had received by the injury 1.053 per cent, of free sulphuric 
acid. Here there was afforded clear evidence of the nature of the 
agent employed to effect the injurious object, which could not have 
been conclusive if the matter examined had only amounted to a 
drop or stain. The author directed attention to a point connected 
with suljdiuric acid in a medico-legal point of view, viz. that the oil 
of vitriol of commerce always contains, in this country, nitric acid, 
in addition to various other impurities. Barruel has stated, that 
sulphuric acid is capable of dissolving platinum. The author has 
not been able to satisfy liimself that it dissolves any sensible quan- 
tity of gold-leaf. Barruel attributes the property, which he states 
it to possess, of dissolving platinum, to the sulphuric acid assuming 
the function ^f muriatic acid. But the author is not ^•kware'bf any 
experiment which would authorize this conclusion. He is rather 
inclined to attribute the action, if such an occurrence takes place, 
to the muriatic acid which is present in all the oil of vitriol pre- 
pared from sulphur that he has examined. It is given out in 
sensible quantities when a solid oil, such as cocoa nut oil, is acted 
on by sulphuric acid. This he ascertained several years ago, when 
examining some Indizin oils, and Dr. Kane has since corroborated 
the fact of the existcuice of muriatic acid in oil of vitriol, although 
the author has not be<»n able to observe the solution of any sensible 
quantity of gold-leaf by the action of oil of vitriol per se ; yet if 
a few drops of muriatic acid be arlded, the action becomes v^y 

? 3 werful, and by the application of heat platinum also is dissolved. 

hese facts, therefore, prove that whenever we have oil of vittriol 
we may expect also nitric acid. The author added, that he knew 
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of tio mode of detecting the presence of nitric acid save by 

the prop^ty virhich it possessed of dissolving gold and platinum by 
the addition of muriatic acid. Pure morphia has no action upon 
nitric acid. It is the resin which generally accompanies that alka- 
loid which produces the characteristic yellow colour. But the 
author found that preparations of opium in which the resin was 
excluded^ afforded no colour when nitric acid was added. From 
an examination of numerous cases of poisoning by opium which 
bad. appeared before the Middlesex coroners, he had come to the 
conclusion that the resin-of-opium test for nitric acid, afforded only 
mi auxiliary method of arriving at the truth, as its characters were 
frequently usurped by other organic substances. 

On the Resin of Sarcocofh. By Professor Johnston. 

The resin of carcocolla of commerce is separated by water into 
three portions : 1. A gum (A) which docs not dissolve in water or 
alcohol, but which is in a great measure washed out by means of 
the former solvent. 2. A portion (B) insoluble in water, but solu- 
ble in alcohol, which is of a resinous aspect, and is represented by 
C H O . The hydrate, is C H O +^^110 when dried at 60®. 

40 32 14 ^ 40 32 34 

This portion B, is separated ((Iccomposed ‘^) by bases into two or 
more organic compounds, the alcoholic solution giving Mdth nc*utral 
acetate of lead a salt containing an organic constituent represented 
by C H O . Ammonia throws down from the mixed solutions a 

40 25 i« 

second salt of lead, the constitution of the organic constituent in 
which has not yet been determined. 3. The portion taken up by 
water from the crude sarcocolla, when evaporated to dryness, is 
separ|d;ed by alcohol or etlier into a soluble (C) and an insoluble 
portion (D). 4. The soluble portion C dried at 212, Jave discor- 

dant results approaching to C 1-1 O , but when treated with bases 

W 32 15 

gave salts containing organic constituents of a different constitution. 
A neiftral acetate of lead thrOws down a salt represented by 
P60+C H O , and the subsequent addition of the neutral /m- 

40 28 15 

acetate a salt represented by 2P60-I-C HO. 5, The portion 

' 40 3-2 16 

D, insoluble in alcohol, but soluble in water, consists of a gum and 
of a substance which is precipitated by neutral acetate of lead in 
curdy flocks. The investigation is still in progress, and the results 
are to be considered as open to corx^ction. 

, , On Resins. By Professor Johnson. 

In this paper the author drew attention to the following facts, 
ap]^ently established by a table of analytical results, which he 
exhibited, and had printed : — 1. That the resins differ from each 
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ether in the quantity of oxygen they contain. 2. That those in 
'wrhich the atoms of oxygen is lhe same, the hydrogen may vary, 
and that this is another cause of difference in the properties of the 
resins. S. That in all the resins hitherto carefully analyzed, the 
number of atoms of carbon is constant. 4, That the resins, as a 
natural family, may be represented by a general formula containing 
two variables. 5. That the known resins divide themselves into 
two groups, possessing unlike chemical and physical properties. 
That of one of these groups, colophony, may considered as the 
type, and that it is represented by C H -l-a?Oy ; that gamboge, 

40 32 — 

or dragon's blood, may be considered as the type of the other 
group, which is represented by C H -I- j? O w. 

40 24 — 

On a New Sail obtained from Iodine and Caustic Soda, By Prof. 

Fred. PEyNY. 

While examining the action of iodine on carbonate of soda, a 
salt was obtained, which crystallized in regular six-sided prisms, 
and which gave by analysis sodium, iodine, and oxygen, in propor- 
tions not corresponding to any known componijd of these elements. 
The same salt w^as also prepared by saturating a solution of caustic 
soda with iodine, and allowing the solution to evaporate spontane- 
ously. At first, this salt was thought to be the same as that 
described by Mitscherlich in his elements of Chemistry, to 

which he gives the following composition Nal -|- NaO, 1 0 -1-H O ; 

s so 

but the analysis geve very different results. Professor Penny gives 
the following characters of this salt : — It is white and inodorous, has 
a sharp, saline taste, crytallizes in short six-sided prisms, is soluble 
ift cold andfhot water, and is decomposed by alcoliol into ioftite of 
soda and iodide of sodium. It effloresces by exposure to the air, 
and is very readily decomposed by heat ; water in abundance is 
first evolved, and then oxygen with a trace of iodine. Its solution 
is perfectly neutral to test papers,' gives a pale lemon ijellow preci- 
pitate with acitate of lead, yellowish white with nitrate of silver, 
and a fine bright yellow with pernitrate of mercury. It is not 
affected by solution of starch, but* instantly decomposed with the 
precipitation of iodine by nitric, sulphuric, acetic, and hydrochloric 
acids. The latter acid in excess converts it wholly into chloride of 
potassium. He detailed a remarkable circumstance attending the 
formation of this salt from iodine and caustic soda. When the 
solution is evaporated spontaneously, long prismatic crystals of 
iodate of soda deposit; but as the evaporation continues, these 
crystals are re-dissolved, and are replaced by those of the new 
salt In one experiment this change was Very striking. The 
solution on Saturday night had deposited an abundance of fine 
crystals of iodate of sodn, but on Monday all these had disap- 
peared, and a crop uf tlie new salt had crystallized. The 
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prior deposition of iodate of soda generally occurs in the pre- 
paration of this salt ; and from other experiments of the author, it 
seems necessary that there should be excess of iodide of sodium 
present in the solution, and that the solution should be strong, in 
Older that the salt may form. When this salt is dissolved in vvater, 
and the solution evaporated spontaneously, crystals of iodate of 
soda deposit, but very few of the new salt will form. The salt 
may also be procured by pouring a saturated solution of iodide of 
sodium on crystals of iodate of soda, and setting them aside for 
days. The crystals will be dissolved and be replaced by 
crystals of the new salt Prof. Penny then gave the details of his 
analysis of this salt, • and the following formula, as agreeing best 
with his results: — Na- I O -|-38 HO; or regarding it as a com- 
0 6 12 

pound of iodate and iodide, it may be thus represented : — 
3 Na 1-1-2 NaO I O -|-3S H O. According to this view, it is the 

sesqui-iodide of iodate of soda. 

On the Mode of detecting Minute Vortions of Arsenic. 

By Dr. Clark, of Aberdeen. 

• • 

This mode had been applied by the author to the detection of 
arsenic in commercial specimens of the metals tin and zinc. Grain 
tin, made in Cornwall, contains arsenic, which seems to be the 
occasion of the peculiar smell of the hydrogen evolved from that 
metal by the action of acids. All the specimens of commercial 
zinc that the author had liappened to try were found to contain 
arsenic. Pure muriatic acid, diluted with distilled acid, is poured 
upon the metal, and the hydrogen evolved is passed first through a 
solution of nitrate of lead, and next through a solution of nitrate of 
silver. Nitrate of lead seems not acted upon by Srseniuretled 
hydrogen, — at least, when in very smgll proportion ; but were any 
sulphur present in the metal, sulphuretted hydrogen w^ould be 
evolvj^d in consequence, and the solution of nitrate of lead would 
be blackened, which, however, the author did not observe ever to 
occur. But nitrate of silver seems immediately to be acted upon 
by most minute portions of arseniuretted hydrogen. A bluish black 
precipitate is formed, which, to judge from a qualitative analysis, 
appears to be an arseniuret of silver. This bluish black precipitate 
may be collected with remarkable facility, from its falling readily 
from the solution, which it leaves perfectly clear. Heated in a small 
tube, so that the matter heated comes into contact with the air, the 
bluish black precipitate evolves arsenious acid, which, by the liquid 
teats, may be further satisfactorily recognized. Antimony pro- 
duces a similar precipitate, so that the mere appearance of the 
precipitate is not enough, without the production and recognition, 
by the usual methods, of the arsenious acid. By a few^ evident 
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modifications, this method may be applied to medico-legal inves** 
ligations. 

Dr. R. D. Thomson had found that the electrical method of Mr. 
£. Davy was inapplicable, in consequence of the deposition of a 
black matter frotn the zinc, which he had considered to be bitumen. 
Dr. Clark has, however, proved it to be arsenic. 

On a New Mode of estimating Nitrogen in Organic Analysis, By 
Professor Bunsen. 

The qualitative methods at present employed for the analysis- of 
azoti zed bodies were shown to be defective, for it is impossible to 
employ these processes when the nitrogen and the carbon are in 
small proportion to each other. Prof. Bunsen’s process consists in 
introducing the substance to be analyzed, after having mixed it 
with oxide of copper, into a glass tube. A few slips of metallic 
copper are then added, and the tube is fixed to Dobereiner s appa- 
ratus for producing hydrogen. This gas is conducted through it 
until all the atmospheric air is expelled, giving the tube a rotat«)ry 
motion at the same time, in order to dislodge any air which might 
be retained bet\7een the particles of the ox,Ule q|* copper. The tube 
is now hermetically scaled, and intrcjuced into an iron vessel filled 
with gypsum. 'J'he gypsum must be still moist when the tube is 
irilroduced, in order that it may be firmly wedged. Thus prepared, 
it is introduced into the common oven used for organic analysis ^ 
and surrounded with rcd-hol coals. If the tube be of strong green 
glass it never bursts. V/hen the combustion is completed, the tube 
is placed below a graduated glass receiver standing over mercury, 
and the point cut off. I he gas which had a pressure of several 
atmospheres now rushes into the jar. The carbonic acid is ab- 
soH)cd by a ball of hydrated potash, which is introduced into it, 
and the remaining gas must be nitrogen, for all the hydrogen must 
have been converted into water by the oxygen of the oxide of 
copper. The results obtained by this method agree with theory 
to the second and often to the third decimal place. • * 


MISCELLANEOUS ARTICLES. 


On the CnUlvaiion and Growth of Electrotypes. 

Without entering into the merits or demerits of the various modes 
of proceeding, which have been plefced before tlie public, in the 
process of forming electrotype, I cannot help thinking that there 
are some theoretic points of very great importance, which remain 
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to the present moment, unexplained ; indeed, nearly untouclied. 
But as all the processes of art are based on unvarying theoretical 
principles, and must consequently be prosecuted with much greater 
tacility, and with better success, when guided by theoretical laws, 
than, under other circumstances ; a brief view of the theoretical 
principles in the process of forming electrotypes may possibly be 
interesting to many readers of the Annals/’ 

Whenever an electric current from a voltaic battery is made to 
traverse an aqueous solution of a metallic salt, sulphate of copper, 
for instance, a decomposition of the solution is accomplished, and 
the liberated particles of the metal assemble at the negative pole. 
And the oxygen and acid matter assemble at the positive pole ; and 
the tcjmiinal negative plate in the solution, has its surface, next to 
the pJntive plate, soon covered with a coating of copper. If in- 
stead tf having two plates only in the solution, there were several, 
perfectly unconnected with each other, as is shown in fig. 4, plate 
vi, every plate would become electro-polar, having a positive and a 
negative surface, as indicated by the letters p n, p n, &c. The 
positive side of each plate would become oxidized, and the negative 
side would receive copper from the liquid : and the deposition of 
copper on the negative sjfle of each plate would form a new com- 
pact plate of copper. And if ^iny engraving w ere on the negative 
side of any of these plates, or on all of them, the new plates, (the 
electrotypes) would be complete pictures in relief, of the original 
engravings. When a single pair of nu tals is used, and an engraved 
copper plate is one of tlieiii, and a piece of zinc the other, the 
deposition of copper, from the solution in which they arc placed, 
will be on the engraved copper plate. It was in this way that the 
electrotype was formed, from which the print accompanying this 
number was taken. 

A wire was soldered to the back side of the engraved plate, a»d 
another wire to a similar piece of zinc. The former, with its face 
upwards, was placed in a solution of .‘>bl[)hiile of copper, and the 
latter in water in a porous paper tray above it. 'I'he two wires 
were tSed together by a thin cop'Jper wire, which formed the voltaic 
circuit. The liquids were changed every ‘J4* hours. In five days 
the first crop was removed from the engraved plate. This first 
crop was then furnished wnth a wire and made to assume one side 
of a new voltaic pair, with a new zinc for the other metal. And 
by placing this new voltaic pair in similar liquids, and in the same 
manner, as in the first process ; a second crop of electrotype was 
formed on the face of tlic first one.^ This second crop, of course, 
is a fac simile of the original engraved plate ; and in six days be- 
came 4 ounces heavier than it. We have other plates growing at 
the Victoria Gallery, from which prints will be taken, and presented 
to the readei^s of the " Annals/' 
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MUceUaneous Articles. 


Description of the Dial Plate of Professor Wheatstone's Electro*^ 
Magnetic Telegraph. 

Figure 6 of plate vii., is a front view of the dial plate of the 
telegraph, on which are placed twenty-five letters of the alp^habet, 
and five indexes. The indexes are placed in a horizontal line on 
the letters L, M, N, O, P, one on each : and bv means of magnetic 
needles placed on the snine axis, behind the dial plate, and those 
needles placed within spiral conductors in the usual way, the in- 
dices can be deflected either towards the right or the left, according 
to the direction of the electric current which traverses the con- 
ductor. When only one needle is deflected, it indicates the letter 
on which it is placed. All the other letters are indicated by being 
pointed at by two needles. The letter F, is pointed at by two 
needles in the figure, and is consequently the letter indicKd by 
the telegraph. Other letters on the dial plate are poinledfp; in a 
similar manner. 


On the remarkable diffusion of Coralline Animalcules from the use 
of Chalk in the arts of life, as observed by Khrenherg. — An exami- 
nation of the finest powdered sorts of chalk which are used in trade, 
has afforded Prof. Ehrenberg the follov^ing ♦result : that even in 
this finest condition, not merely the^'inorganic part of the chalk is 
become separated, but that it remains mixed with a great number 
of well-preserved forms of the minute shells of coral animalcules. 
As powdered chalk is used for paper hangings. Prof. Ehrenberg 
also examined these, as well as the walls of his chamber which were 
simply washed with lime, and even a kind of glazed vellum paper 
called visiting cards, and obtained the very visible result — demon- 
strating the minuteness of division of independent organic life ; 
that those walls and paper-hangings, and so, doubtless, all similar 
wails of rooms, houses, and churches, and even glazed visiting 
cards prepared in the above-mentioned manner, (of which cards, 
however, many are made with pure white lead without any addi- 
tion of chalk,) present, when magnified three hundrejl diameters, 
and penetrated with Canada balsam, a delicate mosaic of elegant 
coralline animalcules, invisible to the naked eye, but, if sufficiently 
magnified, more beautiful than any painting that covers them. — : 
Annals of Natural History^ p, 286, No. 24, for December, 


Auroral belt of May ^9, 1840. — About 9h. 20m. P. M. of Friday, 
May 29, 1840, a luminous belt, spanning the heavens from east to 
west, was seen by several persons in this city. When fully formed, 
about 9h. 22m., its width was from 3® to 5®, being widest and most 
Inminous on the western portion ; its altitude, at the highest part, 
about 8d° above the southern liorizon. Its light was similar and 
equal to that of ordinary auroral streamers. The extremities of the 
belt were 10*^ or 20® above the horizon, but their position was not 
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{Mtrtictilarly noted^ and may have varied 10^ or more from the E. 
laad W* |>otntet. The northern edge of the belt was well defined ; 
ti^ southern was not very distinct. The b^t slowly drifted south- 
wardj at the rate of about a degree per minute. At 9h. 30m., at 
whicfi time the belt was brightest and most perfect, its northern 
edge was projected on A^cturus. Just before the belt reached this 
star, there was a slight bendiltg? concave to the north, in that part 
of the belt which lay not lM|j||a8t of the meridian. This occurred 
near that region of the hea^ffis in which (at' this town) an auroral 
corona is manifested. The belt soon began to fade, and by 9h. 45m. 
was nearly extinct, but for ten minutes longer, a snrall remnant of 
it wajyfisible in the southwest, whicli, just before it disappeared, 
^assm^ the south of Regulus. The summit of the belt was, at 
vanil^Pg, about lO*’ soutli of Arcturus. This belt was apparently 
constituted in part of beams obliquely transverse to its length, but 
this character was on this occasion less conspicuous than has com- 
monly been noticed in other cases. During the whole time the sjcy 
was obscured by haziness and partially by clouds. There was some 
auroral light about the northern horizon, but it had no visible con^ 
nection with the bel^ Soon after 1 Oh. this light increased exceed- 
ingly ; numerous streamers rore to the altitude of 50^, and aurorid 
waves dashed up nearly or quite to the coronal point 

This auroral belt was seen at New York city, and doubtless at 
many other places. If observations upon the position of the edge 
of the belt at given times were made at any considerable distance 
north or south of New Haven, we might have the means of finding 
approximately its height above the earjh. If any such observations 
were made, it is to be hoped that they will be given to the public. 

E. C. Herrick.. 

New Baycu, Couuoctcut. • 


Lectures on Electricity, Magnetism, SfC, 
LECTURE II. 


Having, in the first lecture, given specimens of the electric, the 
magnetic, and the calorific classes of phenomena, I will now pro- 
ceed to offer to your notice a few other preliminaries which w'ill be 
necessary to be understood before we can enter very far into the 
study of -electricity. In the first place, then, I must present to 
your notice a very well established fact respecting a property of 
atmospheric air, which is applicable to all the gases, and also to 

3 O 
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the electric matter. When the air "within the receiver of m air- 
pump has become attenuated by the action of the pump, it still 
occupies the whole capacity of the receiver, and does not settle,^ as 
vrater would do, into the lower part of the receiver, so as to occupy 
that part only. Let us, for example, suppose that the receiver 
originally contained a quantity of air which we will call 100. If, 
now, by the action of the pump, 50 parts were to be wiliidrawn, 
the receiver would retain the other ^|p>arts only, or just one-half 
of the original quantity. Rut these oO remaining parts of the air 
would still occupy the whole capacity of the receiver. Suppose, 
now, that the pump is again set to work, and that it withdraws 
from the receiver just one-half of the 50 parts that were left by the 
first operation ; it is easy to understand that since the hal^f the 
60 parts has left the receiver, there can be only 25 parts 
But these. 25 parts, which are only a quarter of the original quan- 
tity, do not subsist in their original dimensions, and so occupy one 
quarter only of the receiver ; nor do they subsist in one-half of the 
capacity of the receiver, in their dimensions previous to the last 
operation of the pump ; Imt absolutely fill the whole capacity of the 
receiver as decidedly as the 100 origin^!!? p?tf:ts filled it. And in 
the same manner the whole capacity of the receiver would be 
occupied by any remaining portion of air, even aflt^r that portion 
had become too small for the pump to affect it any longer. Now 
in all these cases, it is obvious that the air has expanded by virtue 
of some inherent power with which it is naturally endued. This 
power is usually called repulsion : and it is admitted by all philo- 
sophers that the particles of air have a natural inherent repulsive 
force, by means of which fhey are continually endeavouring to 
recede from one another. Hence it is that air becomes expansible 
to an amazing degree, and any portion of it may be made to occupy 
a space immensely greater than that which it occupies naturally at 
the surface of the earth. # 

On the other hand, any portioi. of the air at the e'^rth's surface 
may be condensed into a smaller and smaller compass than that 
which it naturally occupies. If, for instance, an inverted glass 
tumbler were to be held just over the surface of the water contained 
in' a glass jar, jt would contain a certain quantity of aJrt which 
would occupy the whole capacity of the tumbler; but if this 
tumbler with its contained air, were to be pressed down into 
the water, the air would no longer occupy the whole capacity, 
but would be compressed into *a less space, and a portion of water 
would enter the lower ])art of the inverted vessel : and the deeper 
in the water the confined air was taken, tlie le-s space would it 
occupy. This is a very decisive experimriiL, and the simplest I 
can think of for showing the compressibility of air. A small piece 
of cork may be placed on the surface of the water beneath the 
tumbler, which will always indicate the height to which the water 
ascends inside, at different depths, and consequently show the 
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«pace occupied by the air. Having now become acquainted with 
these two facts, the expansibility and the condensibility of air, we 
learn that air has the quality of being elastic. But it must not be 
forgotten that this quality of elasticity which air possesses is a mere 
consequence of the natural inherent repulsion of its particles. 

By keeping in view the consequences of the attribute of repul- 
sion which air^^ossesses, whilst contemplating electrical phenomena 
we shall be enabled to acoaunt for a great variety of facts which 
would otherwise appear inexplicable. The electric matter, or, the 
electric fluid, as it is more frequently called, is much more highly 
elastic than common air, and therefore can be condensed and atte- 
nuated by employing proper means to a very great extent ; but its 
inotiQ||s, when in the act of expanding, are performed with such an 
imm^Ke degree of activity that, although several philosophers have 
attempted to ascertain its velocity, their efforts have hitherto been 
unavailing. 

Besides the quality of elasticity in common with air, and other 
kinds of gaseous matter, the electric fluM possesses others peculiar 
to itself. Its activity is superior to tha^f any other known kind 
of matter ; it enters Into* the pores of the most compact solids, and 
is to be found in every kind c?l' tangible matter. It constitutes a 
portion of the atmosphere, and frequently accumulates to an 
amazing extent in the clouds, gradually increasing In density, till 
its elasticity becomes sufficiently great to enable it to burst from its 
aerial prison in a compact form, and exhibit itself in all the majesty 
and splendour of lightning. 

It is a remarkable fact that the motions of the electric fluid are 
much more facilitated by some classes of bedies than by others. 
The metals are considered to facilitate the ])rogress ot» the eleciric 
fluid to a greater extent than any other class of bodies whatever 
But the metals themselves, as indiviflual bodies, vary very consi- 
derably in the degree of facility v.duch they respectively offer to 
the motion^ of the electric fluid : cop})er offering the greatest faci- 
lity of any known body, and lead, or iron, perhaps, the least of 
any of the metals. But it would he impossible, in the present condi- 
tion of the science, to give a correct table of the various degrees of 
facility which different bodies offer to the motions of the electric 
fluid : for although much has been attempted to be done, and 
much jnore pretended to have been done, in determining so im- 
portant a particular in electricity, jt is lamentable in the extreme to 
nave to acknowledge that but very little has absolutely been accom- 
plished in this interesting inquiry. 

Those bodies which offer comparatively great facilities for the 
motion of the electric fluid, are usually called conductors; and those 
which offer the least facility, being supposed to present an absolute 
resistance to the motions of the fluid, have been called non-conduc~ 
tors^ Now, as the terms conductors and non-conductors of electricity, 
arc well known from their long use, and as I am not disposed to 
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attempt to supplant by others, any familiar technicalities, such atf 
these, which have been of considerable benefit in the promotion of 
the science, I can find no objections to place before my readers the 
following tables of what has been considered conductors and non- 
conduciors of electricity, which I find in Mr. Singer's excellent 
** Elements of Electricity” : — 


CONDUCTORS. 

All the known metals. 

Well burnt charcoal, 
Plumbago, 

Concentrated acids. 

Powdered charcoal. 

Diluted acids and saline fluids, 
Metallic pres. 

Animal fluids. 

Sea water, 

Spring water. 

River water, 

Ice and snow, * 

laving vegetables, 

Flame, 

Smoke, 

Steam, 

Most saline substances, 
Rarified air, 

Vapour of alcohol and aither. 
Most earths and stones. 


NON-CONDyCTORS. 

Shel)-lac, amber, resins, 

Sulphur, wax, jet. 

Glass, and all vitrifications ; talc, 
The diamond, and all transparent 
jems. 

Raw silk, bleached $ilk,dyed silk. 
Wool, hair feathers, ^ 

Dry paper, parchment, & leather 
Air, and all dry gases, 

Baked wood, dry vegetable sub- 
stances. 

Porcelain, dry marble, 

' Some sdicious and argillaceous 
1 'jtones, 

I Camphor, elastic gum, lycopo- 
diuQi 

.Native carbonate of barytes. 

Dry chalk, lime, phosphorous. 
Ice at — 13^ of Fahrenheit's 
thermometer 

Many transparent crystals, when 
perfectly dry, 

The ashes of animal and vegeta- 
ble substances, 

' Oils, the heaviest appear the best, 
1 pry metallic oxides. ^ « 


, Mr. Stephen Gray, a pensioner of the Charter House, was the 
first person to discover the conducting power of metals, and to 
ascertain the great difference, in this respect, between a metallic 
wire, and a cord of hemp, or silk. This discovery was made 
on the 3d of July, 1729, it was perfectly accidental, and occurred 
from the circumstance of substituting a metallic wire for the sus- 
pension of an electrized body, in lieu of a silken cord which had 
broken. Dr. Priestley, at the suggestion of Dr. Franklin, seems 
to have been the first philosopher who undertook a series of experi- 
ments, for the purposes of ascertaining the different degrees of con- 
ducting power possessed by different bodies. Several other philo- 
sophers have also p.iid considerable attention to this subject, 
though, as I have before stated, little more has been accompished 
than the ascertaining of a few general frets : for there still remains 
much difference in the^tables given by different authors. The 



Ekmmiary Lectures on Eleclrieity, - 49 1 


following table is taken from Cavallo's “CompleteTreatise of 
Electricity,” 2ncl edition published in 1782; — 

NON-CONDUCTORS. 


CONDUCTORS. 

Gold, 

Silver, 

Copper, 

Brass, 

Iron, 

Tin, 

Quicksilver, 

Lead, 

Semi -metals, 

Animal and vegetable charcoal, 
The fluids of the human body. 
All fluids, excepting air and oils, 
The effluvia of flaming bodies. 
Ice,* 

Snow, 


Mok saline substances, the best! White sugar, 


Glass, and all vitrifications, even 
those of metals, 

I All precious stones ; the most 
» transparent the best, 
j All resins & resinous compounds, 
I Amber, 
j Sulphur, 

1 Baked Wood, 

, All bituminous substances, 

I Wax, 

I Silk, 

: (/otton. 

All dry animal substances, as 
i feathers, wool, hair, &c. 
i Paper, 


being metallic salfe, 
Soft stoncy substances, 
Smoke, 

The vapours of hot water, 
Highly attenuated air. 


Sugar candy, 

! Air, 

■ Oils, 

; Calces of metals, 
i The ashes of animal and vegeta- 
ble substances, 

: All dry vegetable substances, 
j All hard stones, the hardest the 
1 best. 

Professor Gumming, in his translation of Demonferr^nurs “ Ma- 
nual of Electro-Dynamics,” gives the -following table of the con- 
ducting powers of metals — 

Silver, I 

, Copper, • 1 

Lead, 


Gold, 

Brass, zinc, 


Tin, 

Platina, 

Palladium, 

Iron.t 


It would be useless to give any more tables of the conducting 
and non-conducting powers of different kinds of matter, as there 
are no two that agree in every ])articiilar. For my own part, I 
am of an opinion that all bodies are conductors more or less, metals 
being the best class of conductors, and vitrious and resinous sub- 
stances being about the worst. Much, however, will depend upon 
the extent of the electric force employed, and . much again upon 
the length of the bodies upon which that force has to operate. 

When any body in a state of electrization is supported 011 a non- 

♦ According to Achard, ico conducts the electric fluid whilst it remains above 
a certain temperature, hut is not a conductor below. that temperature. 

+ In all tliese tab!^, those bodies which are first in the list, are considered the best of their 
kind ; and the others take precedence of all those below them. 
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conductor^ as by a glass stem, or suspended by silk or other non- 
conductor, it is said to be inspJated. There are many other tech- 
nicalities which I shall have to notice as I proceed, but it will not 
be necessary in this place to introduce any more than those already 
mentioned. 

The motions of light bodies by the action of sealing-wax, glass, 
&c., already noticed in the last lecture, are phenomena of a high 
interesting character, and are a portion of those which must neces- 
sarily be regarded as of an elementary character, independently of 
a knowledge of which no plausible hypothesis of electricity could 
possibly be formed : on which account it will be necessary to 
recur to them again, and to point out other experiments from 
whicli similar results may be obtained. But it must not be ex- 
pected that because the results, by various modes of experimenting, 
are similar or of precisely the same character, that they should be 
of precisely the same extent, or degree of power. The light ema- 
nating from two burning candles of different dimensions, may be, 
and generally is, of preci|ely the same character, but the intensity 
of the light, from the two sources, may be very different : or, we 
may say, the quantity of light proceeding frotn one of the candles 
is very different to the quantity of li^ht proceeding from the other. 
If similar reasoning be applied to the display of electrical pheno- 
mena, we may easily understand thart, notwithstanding the identity 
of the character of the motions produceable from different sources 
of electric action, the quantity or intensity of those motions may be 
very dili’erent. And as some sources are sufficiently vigorous to 
put into motion bodies of a considerable magnitude, and others so 
exceedingly feeble as to retjuire the employment of the most deli- 
cate apparatus for their detection, it will be necessary, before pro- 
ceeding to other experiments, to dcscnl)e such insiruments or 
pieces ol apparatus as may be wanted for carrying on those expe- 
riments with which we ought to be made familiar as soon as 
])08siblc. 

•' The instruments which are usually employed for the detection 
of feeble electric action, are called electroscopes, of which we have 
several forms. 'J'he simplest electroscope, and one which may be 
frequently employed, is merely a single fibre of flax, silk, or any 
other such flexible article as will berid to slight electric forces. 
The fibre may be supported in any manner you please, so that it be 
permitted to hang freely in a vertical direction. .Fig. 4, plate vii., 
is an electroscope of tJiis kind, where the fibre f is supported by, 
and hangs freely from, the wooden stem s. Having rubbed a stick 
of sealing wax against the sleeve of your coat, present it to the 
lower end of the suspended fibre, and you will see that it bends 
towards the sealing wax ; and if you bring them sufficiently near 
to each other, the fibre will adhere to the wax for some considera- 
ble time. In this experiment you have an electric attraction 
hibited as decidedly as by the motions of the pieces of paper in the 
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former experiments : but if the fibre be not very dry and warm, 
you have not that jumping to and fro, as with the pieces of paper, 
for the fibre of the electroscope clings to the wax without leaving 
it, till the electric force is so far exhausted as to be no longer able 
to hold the fibre to the surface of the wax. The action will, in 
many instattces, continue a long time, and by paying attention you 
may observe the fibre to change places on the surface of the wax, 
and this very frequently, if you accommodate the wax the motions 
of the fibre, by moving the former so as to facilitate the motions of 
the latter. If, however, the fibre be very dry and somewhat warm, 
it will sometimes recede from the surface-of the wax, in the same 
manner as the pieces of paper, and will lean towards the stem s, 
if very near to it, and even strike against it, and after remaining 
attached to it a short time, W'ill again return to the waz : and re- 
peat these motions several times, till the electric force is too fiir 
exhausted to produce them any longer. 

I will not detain you, in this place, with an explanation of the 
cause of the electroscope fibre continuing to be attached to the sur- 
face of the excited wax under some circumstances, and not under 
others ; because I am \lesirous of first making you acquainted 
with the structure and methoc>of using another simple electroscope, 
which will exhibit the principles upon which they are founded in 
better perfection, than by that made of a single fibre. 

Fig. 5, 'plate vii, will represent the form of a very simple electro- 
scope which may be used to great advantage in some electric in- 
quiries. It consists of a glass stem fixed in a wooden foot, and a 
projecting horizontal brass wdre arm, terminated with a small brass 
ball, When the foot of this instrument is made of nicely turned 
and polished mahogany, and the brass arm and its ball ^'ell polislied 
and lacquered, the instrument assumes a very pretty appearance. 
Over the farther end of the horizontal arm is hung a flaxen fibre, 
to each end of which is attached a very small ball of the pith of 
the elder, ^s the glass stem ofthis instrument is a non-conductor, 
it is incapable of carrying off any of the electric action of the ho- 
rizontal arm, or of tlie fibres and their balls ; and as the atmos- 
pheric air is also a non-conductor, all that part of the instrument 
which is supported by the glass stem is insulated. As, however, 
glass has^ great tendency to collect moisture on its surface, the 
stem of this instrument must be kept warm«,and occasionally wdped 
with dry cloth to preserve insulation as far as possible. If the sur- 
face of the glass be covered with a good coating of lac-varnish, the 
insulation may be maintained for a long time without much trouble. 

Let us now again excite the stick of sealing yrax, and afterwards 
present it to the upper side of the horizontal arm of the electro- 
scope, fig. 5. The pith balls will diverge from each other, as re- 
presented in the figure, before the wax comes into contact with the 
metallic arm* But if the wax be withdrawn without touching the 
metallic arm, balls will again colapsc, and show no electric 
action. 
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Excite tile emx and tiring it into ^^tact iirith' the am^af 
the electrosc(Qic, drainring its isnr&ce over the I^lie jiith halls 
-will diverge as before^ aiid ^divergehti even ^teci the' 

waa is withdrawn* And yp.the in ii^ich the ^i^rknent h 
made, be dry and warm^ 'idd the w/perfeo% still, tnebaffe wiH ' 
reinain.divergent for a long tSmey eveaseVerd hours? Biif in 
cases the divergency Will ^adhally lessen from tKW moment 
that the excited ses^ing is withdrawn from the-electroscxmei aad^' 
eventually, the divergency entirely dis^ipears. Preciselj^ihe tame 
kind of phenomena arc (displayed by the action of any ^eitedibbdy. 
whatever, provided its electric forces be sufficiently powerful. 

Hence you may employ excited glass, amber, sulphur, paper, 
&c., in ^our experiments with tliis instrument, and the pith balls 
will diverge with each excited .body: ' Dry writing paper rubbed 
with indian-rubber, becomes highly electric ; and so does coarse 
brown paper when drawn quickly .,b^ween the goat sleeve and a 
■w’oollcn table cloth ; or between the coat sleeve and the trousers. 
When the paper is. made pretty warm before the friction is given to 
it, and the knuckle presented afterwards to its surface, a crackling 
noise will be heard, and sometimes spark^will* be^een between the 
knuckle and the paper- This ciiperimcnt answers best during 
frosty weather. Similar phenomena may be produced by stroking 
the back of a cat. Puss often becomes uneasy by this treatment, 
and the hairs of her back and tail brush out in a very strange 
manner. 

I must now bring forward an experiment the results of which 
are something different to any I have yet offered to your notice. 
Excite the sealing wax as before and draw it over the arm of the 
elpctroscop^ fig. and when taken away the balls will remain 
divergent. Again excite the wax, and again make it approach the 
arm, on the upper side, but without touching it, you will observe 
the balls separated furtlier than before, but as you withdraw the 
wax again, the balls will fall to their former position.^. The balls 
may be made to separate further from, or approach nearer to, each 
other, for several times, by alternately advancing the excited wax 
to the arm of the instrument, and withdrawing it from it. If, after 
the balls have been divergent by the first application of the wax, 
the latter be Jigain excited and then pre^nted towards the balls, 
you will observe them to recede from it; and witli a little practise, 
you may deflect the balls from the wax in any direction you please. 


Errata. — Page 198, iu the licading of article XXV. for** Van Kohe-ll,” read 
,'‘Von Kohell : and the same in thf? heading at the top of each left hand page of 
that article. Line G of that article, for “into” read “on to.”— Page 199, line 
2^/roin bottom of page, for “ Ooniorara,” rerd “ Damara.” Same page, first line 
iWthe note, for “ end” read “ and.” In the article “ Electrotype,” in pages 237 
and '2^, all tha^ part which i.s below Mr. Cartviright’s letter in page 238, is to 
be read after the word “ eiigra\iug,” at the end of the third paragraph, page 237, 
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1 . — Report of the Coinmit^e appointed hy the Admiralty to 
examine the Plans of Pighining Conductors^ of W, Snow 
Habuis, Esq. F. H . S/ and others. Abridged, 

We beg to observe before detailing the cases whichjiave been 
br(Hight before us, that we do not consider it to fall within the 
province of the present report to enter into the general ques- 
tion of the effiea^ of conductors in aftbrding protection against 
the injurious cflfects of lightning, as this ^ould lead t© an 
investigation of the first principles of electrical action ; and 
the fact of thelx^ efficacy may be considered to be established 
beyond all doubt, by the cxjierience of the last 80 years, and 
the Vnaninnous opinions of scientific men of all countries. 

With reference to the first point to which their Lordships’ 
'Wcmoraiidiim direct(*d our attention, viz., Wliether, in cases 
where sliips lot having lightning conductors have been struck 
by lightning, it appears that other ships in company having 
conductors have not been struck, or have escaped injury 
w e beg\o adduce the following cases : — 

1. In 1815, II. M. S.,Korg;t*, was struck by lightning at 
Jamaica, and lost her maintoj) 7 mast and topgallant-mast, whilst 
the Warrior, 74, which was lying close to her, w'ith her con- 
ductor up, received no injury, though the electric fluid w^as 
observed absolutely to stream down it. Amongst many other 
ships which w-^erc in Port Royal Harbour at the tiinc^ none 
received any damage but a merchant vessel, which, like, the 
Norge, had/no conductor up. 

VoL. Na. 25, tTuly, 1840. A 
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2. In 1824, H. M. S. Milford, whilst in ordinary in 
Hamoaze, was struck by lightning, and the foremast and 
foretop-mast (both very small spars, for the purpose only of 
making signals) were shattered ; she had no conductor up. 
The Caledonia, of 120 guns, with her lower masts in, and 
her conductor up, was lying about 80 fathoms distant, and 
received no injury. 

3. In 1824, H.M.S. Phaston was struck by lightning, and the 
foremast and foretop-mast were totally shivered. The Adven- 
turer was at anchor within a cable’s length, with her conductor 
up, and escaped without any damage, though supposed to 
have been stru(*k more than once upon that occasion. 

4. In 1830, H. M. S. .?^itna, when coming to, off Corfu, 
was struck by lightning, three heavy discharges descending 
by the conductor, and passing to the water without injuring 
the spars. The Madagascar and Mosquito, which were in 
company at the time, and had no conductors up, were repeat- 
edly struck, and received considerable injury. 

5. In 1837, the Cochin tank-vessel, in Trincomalee Har- 
bour, was struck by lightning, and her foremast (without a 
topmast) w^as shivered, whilst H!*M. S. Winchester, at the 
distance of tw'o cables’ lengtii, was uninjured, though the 
lightning w^as seen to pass down her conductor. 

(J. In 1837, the Pelican, sloop-ot-war, whilst on the coast 
of Afric\v was struck by lightning on the foremast, and lost 
her topmast and topgallant-mast ; the conductor w as not up at 
the time. The. Watetw' itch, at two cables' distance, had her 
conductor up, a|ld escaped injury. 

T*. In 1838, H.M.IS, Ceylon, in Malta Harbour, was struck 
by lightning, and her j)ole, foretop-mast, and foremast w^cre 
shivered ; she had no conductor up, and was lying close to the 
Talavera, Bellerophon, and Dock-yard Sheers, alk of which 
had conductors up at the time, and met with no injury. 

These cases have been fully authenticat(?d. 

In addition to these instances of the decided protection 
afforded by conductors, and the disastrous consecjuences which 
have arisen from the w ant of them, we beg to call their Lord- 
ships’ attention to the case of the Newf York Packet. 

it appears that on her passage to Liverpool, in 1827, this 
ship was struck by lightning and sustained considerable injury. 
The conductor was not up at the time ; but the weather con- 
tinuing stormy, it w as got out and triced up to the mast head. 
The ship was a second time struck by a most severe stroke of 
electricity, which fused the chain, but i)assed into the water 
without committing further damage. 

It .would be easy to multiply instances of the Ipcal protec- 
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tiou afforded by metallic bodies accidentally present in ships 
which have been struck by lightning, as well as cases in which 
single ships have escaped injury by means of a conductor ; 
many such have been adduced in evidence before us ; but 
these c.ases apply rather to the general question of the aclvaiu 
tage of conductors. 

Under this head of the Report, however, we may perhaps 
be allowed to state to their Lordships the result of our 
iiKjuiries with regard to the common prejudice, that condiu tors 
have the power of attracting a flash of lightning, which in their 
absence would not have fallen on the ship in whi(^h they are 
fitted. 

The numerous cases of accidents to ships without conductors, 
and the eoTn])arativoly rare occurrence of lightning having 
b(ien noti(*cd to strike on a conductor, w'ould tend to negative 
such a supposition ; and it may be observed, that in several 
instances the electricity has bi'en seen to strike down on the 
surface of the \vater at no great distance from a ship fitted with 
a ('oiiductor. dhis phenomenon occurred in Plymouth Sound, 
Avithiii a moderate* diStance of the Caledonia, whilst fitted 
with Mr. Harris’s conductors ; and in the instances oi’ the 
Milford, Cochin, and Ceylon, already mentioned, these ships 
with very short spars and no conductors, w(*re struck by light- 
ning w'hen within a few hundred feet of ships with considerably 
higher masts and conductors up ; and in the instance of the 
Cociiin tank-vessel alone was the electric fluid observed to 
descend on the conductor of the ship which w as lying near her 
(the Winchester), thus aflbrdiiig evidence, either of the little 
influence exerted by conductors in inducing or atfi-ac ting an 
explosive discharge, or of their efli(;^icy in harmlessly and iiii- 
perecptihly conveying the electricity to the water. 

As«the oi)j(?ctiou of the attractive power of conductors has 
been brought forward by tbc Surveyor of the Navy, as espe- 
cially applicable to those of Mr. Harris’s principle, it is right 
to state, in addition to the cases above-mentioned, that with 
regard to Mr. Harris’s, no facts have come under our know- 
ledge wdiich would lead us to coincide in his opiniom; but on 
the contrary, amongst the several ships fitted on Mr. Harris’s 
plan, which have for many year*^ past been employed in tro- 
pical climates, and were exposed, as stated by their com- 
manding officers, to very severe lightning, we have found great 
difficulty in obtaining direct evidence of their having been 
struck at all ; and in two oi* three instances only has the fact 
been satisfactorily observed, and no case of injury has been 
recorded. 

Professors {’araday and Wheatstone have been consulted on 
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iJiis point ; and it is their unequivocal opinion that conductoi^ 
possess no inherent property of attracting or inviting a dis- 
charge from a cloud at a distance. 

If there be a projecting object, like a mast, within a mode- 
rate distance of tjae point from which the discharge takes place^ 
the electricity will descend by it, whether fitted with a con- 
ductor or not, as affording a line of less resistance than it 
would meet with from the non-conducting property of the air. 

" The radius within which it has been considered that a con- 
ductor will determine or conduct the electricity is double its 
own length, provided the discharge takes place within that 
space, but it has no power to cause the discharge on the 
contrary, “ at all times its tendency is to draw off the electri- 
city from tlie atmosphere, and thereby diminish the liability to 
an explosion.” 

In concluding our remarks on this first head of the inquiry, 
we beg to observe that every search has been made for cases 
of injury sustained by ships fitted with conductors, and though 
several statements to that effect have been brought under our 
notice, not one has been substantiated. 

And no instance, so far as we are aware of, has ever 
occurred of a ship sustaining injury when struck by lightning 
if the conductor was up to the mast-head, and the continuity 
uninterrupted to the water. 

With reference to the second head of the inquiry, namely : — 
What conductors have been used in ships, either of the Navy 
or in those belonging to private merchants ? we beg to state, 
that the conductors which have hitherto been used in the Navy, 
consist ot a copper chain, composed of rods of about two feet 
in length, and '175, or about one^^sixth of an inch in diameter, 
with an eye at each end. These bars are linked together by 
rings and the conductor terminates in a rod of the’ same 
dimensions, which tapers to appoint, and is made with a turn 
in it near the base, to receive the line to which it is attached 
throughout its whole length, for stopping to the topgallant 
backstay when triced to the mast-head. 

It should be observed that these conductors are not issued 
to every ship, but only supplied when demanded, and one 
only is allowed. 

A chain of similar form, composed of either copper or iron, 
is B£(id to be used occasionally in merchant vessels, but we 
have had no opportunity of inspecting one. 

In the French Navy, a metallic rope composed of mixed 
metal wire, is attached to the mast-head immediately under 
the truck, leads down to the top-gallant cross-trees, and 
thence by the topgallant backstay to the channel, and descends 
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into the water. A copper spindle of about three feet in length, 
tapering from an inch to a point, is screwed into the mast- 
head, nine inches of the upper end being hardened and gilded. 

This description was obtained by Mr. Rice, foreman of 
shipwrights, at Chatham Dockyard, from , the officers of the 
French frigate Calypso, in 1832, when under repair. Apiece 
of it was produced for our inspection, composed of three 
strands of eight wires each, and measuring one-eighth and a 
half inch in circumference. 

Mr. Harris’s conductors, which have been fitted for trial in 
the ships named below*, are composed of two plates of copper 
rivetted together, so as to form an elastic and continuous line 
of metal ; the inner plate being one-sixteenth and the outer 
one-eighth of an inch in thickness, their breadth varying ac- 
cording to the class of the width of the plates which have 
hitherto been used, as they are considered to be unnecessarily 
largo, and the subject will discussed in the sequel. 

These plates are inserted in dovetailed grooves, in the after 
part of the masts, and extend from the truck to the keelson ; 
a copper j)latc of *the sarn^ dimensions is led over the caps, 
and the continuity is preserved at all times by a tumbler on 
the caps, consisting of a short copper bar with a hinge at the 
base, by which it leans against the conductor of the topmast, 
whether fidded or housed ; and their lordships will perceive by 
reference to the drawings which accompany the Appendix, 
that a stop is placed on the exterior by which the tumbler is 
prevented from falling backw^ards. 

Copper plates of equal dimensions to those on^ the lo\^er 
masts are placed under the heels and steps of the masts, and 
are thence led along the keelson in contact with the copper 
fastenings. 

Ilf order to insure connexion wdth the copper sheathing, 
bolts are driven transversely through the keel, so as to meet 
those passing down from the keelson. 

Copper plates arc likewise led along the underside of the 
beams of the lower and orlop decks to the principal copper 
fastenings, and ultimately terminate in the sheathing, thereby 
combining all the chief masses of metal in the hull and spars 
of a ship with the conductors, and affording by means of its 
ultimate connexion with the copper sheathing a vast surface 
in contact with the water for the dispersion of the electricity. 

With reference to the third head of the inquiry, namely : 
What the objections are to fhe conductors now in use? we beg 
to state, that the chief objections of a practical nature which 

• Action, Asia, Beagle, Beltidera, Blanche, Caledonia, Dryad, Druid, 
rorte, Revenge, /8aphire, St. Vincent, Spartiatc. 
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have been urged against the common chain conductors, are 
that not being fixtures, they are seldom ready when required, 
are kept packed in a box, and usually stowed away in the 
store-rooms, and when thunder squalls arise suddenly and 
unexpectedly, as frequently occurs, especially in the tropics, 
the damage is done to the ship before they can be got out and 
triced up. At all times there is danger in tricing them up, 
as it is usually done when lightning is anticipated. 

In 1834, on board the Thunderer, the men had not left the 
conductor five seconds when the lightning descended with ex- 
treme violence ; and in one instance, on board a vessel in the 
mouth of the Mississippi, several men were struck dead at the 
moment of hoisting one up. 

In dark nights the difficulty of tricing them up properly is 
greatly enhanced, and in heavy weather, when much needed, 
it has been found impracticable to get them up at all. 

Their construction is very slidit, and the rings not being 
welded together, a trifling strain^reaks them. 

In the event of a topmast or topgallant-mast being carried 
awc^y the conductor is likely to be lo^t, Sxid at any rate the 
ship* is unprotected until it can *be got in, and triced up to 
another mast. This case occurred to the Jupiter. 

As conductors, their caj)acity is not sufficient for the safe 
transmission of heavy discharges of electricity, and in several 
instances the metal has been fused or disjointed. This oc- 
curred to the Dublin and ilitna. 

In short, v/e cannot but regard them as a temporary and 
inadequate expedient. 

* By iiot*being permanently fixed, the security of the ship is 
left to the opinion of the t'ommanding officer as to their utility 
at all, or necessity at the moment. 

They are not calculated to be applied in all w'^therti, are 
subject to all the casualties to which the ship’s rigging is ex- 
posed, and liable to lead to serious accidents by the end being 
brought in board, the continuity interrupted, or the end lifted 
out of the water. 

4. What the advantages or * disadvantages of Mr. Snow 
Harris’s conductors, as compared with others ? 

The advantages to be derived from the adoption of Mr. 
Harris’s plan are, the removal at once of all the objections aud 
liabilities to which the common chain conductor is exposed. 

A continuous line of metal * tl?l^ truck to the water is 
permanently fixed, and if it be fdund necessary to strike any 
of the masts, or one or more be carried away, a safe conductor 
will still remain. By its connexion with the detached masses 
of metal used in the fastenings of the hull, and it^ final junction 
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with the copper sheathing, the important advantages of great 
electrical capacity are obtained, and of ready means under all 
circumstances, for the rapid diffusion of the electricity over a 
vast surface of metal in contact with the water. 

Professor Faraday stated to the committee, that it was his 
opinion that ” Mr. llarris’s conductors met every ease that ho 
could possibly conceive to occur, and offered no one disadvan- 
tage or objection whatever;” and Professor Wheatstone stated, 
that,’ he could see no objection whatever to Mr. Harris’s 
conductors in a scientific point of view.” 

A committee of the Royal Society, appointed in 1823, to 
consider the merits of these conductors, as well as Dr. 
Wollaston and Sir Humphry Davy, has'e stated their approval 
of the T)rinciplo of Mr. Harris’s plan. 

Witn reference to the disadvantages of Mr. Harris’s con- 
ductors, we beg to state that all the objections which have 
been brought against them have, to our minds, been sufficiently 
removed by the evidence adduced before us; it will b(^ proper, 
however, to state t^Je3(; objections to their Lordships, witli the 
facts and opinions which have influenced our conclusions. 

The objections may be divided under the following heads : — 

1. Those of a scientific nature, involving principles of elec- 
trical action. 

2. Those of a practical description, as tending to injure and 
w^eaken the spars. 

3. The indirect objection on account of expense. 

1st Tlieoretical objections. 

First. That Mr. Harris’s conductors attract tlie^lightniug. 

This applies equally to all conductors, and has been already 
refuted. • 

Secondly. That danger arises from the ‘lateral explosion.’' 

Mr. Mjft*tyn Roberts has objected to the conductors being- 
led through the body of the ship, on account of the dangers of 
lateral explosion, which he considers might set fire to the ship, 
or ignite the magazine. His hypothesis is, ’’that when a 
discharge of electricity passes along a conductor, visible sparks 
would be thrown off from the sides of the conductor to any 
metallic or other conducting body w ithin a moderate distance, 
and be capable of igniting inflammable substances.” “ And 
that such lateral discharges would be in proportion to the 
capacity and proximity of the secondary conductors, with 
reference to the volume of electricity passing down the primary 
conductor.” 

Professor Faraday stated, that he was not aw- are of any 
phenomenon called lateral dischage, which was not a diversion 
or division o&the primary current, and that all liabilities to 
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a diversion of the main charge would decrease in proportion 
to the capability and goodness of the primary conductor; that 
in proportion as the number of the metal bolts are connected 
with the conductor would the probability of a lateral diversion 
diminish,” 

It was his opinion that a lateral discharge could not be 
obtained from Mr. Harris’s conductor, provided the continuity 
were not interrupted ; and from the increased dimensions of 
the plates at the lower extremity, and the complete mode of 
connexion with the fastenings of "the hull, the electricity would 
be so rapidly diffused that he doubted whether, with any 
intentional contrivance, the magazine could be ignited from 
the sides of the conductor. He could not but a])peal to the 
evidence of experience to prove the efficacy and safety of Mr. 
Harris’s plan; ships fitted with his conductors had? been 
exposed to severe lightning, and the electricity had been 
known to descend by them with perfect security to every thing 
on board; nor was there, so far as he could learn, any instance 
on record of lateral explosion.” 

Professor Wheatstone stated, with regard to lateral explosion, 
that all the cases with which he was acquainted w ere those 
of a partial diversion of the main current where the conductor 
was not of sufficient capacity of conduction, in which case a 
jmrtion of the electricity distributes itself to any tolerably good 
conductor within a moderate distance. 

^‘’riiis, how^ever, had only been known to occur from a very 
small wire, and from a conductor of the dimensions proposed 
by, Mr. Ifarris, would be impossible, with such atmospheric 
discharges as we are aquainted with. 

“The liability to such liitcral diversion would be diminished 
in proportion to the means of diflusion ; and considering the 
mode proposed by Mr. Harris for connecting tliG principal 
fastenings, &c., of the hull with the conductors, no danger need 
be antcipated from leading the electricity througla the body 
of the ship or within a few feet of the magazine so long as 
the continuity was maintained.” 

Notwithstanding this evidence, Mr. Martyn Roberts sub-/ 
sequently communicated to the committee that he had made 
further experiments on a larger scale, which favoured his idea 
of the danger to be anticipated from lateral explosion.” 

Professor Wheatstom; was in consequence requested to 
attend to receive from Mr. RoberJ;s himself an explanation of 
the experiments which he had instituted ; and we beg to 
subjoin the further opinion of Professor Wheatstone on the 
subject, w^hich he communicated in writing. 

When the known conditions of a good lightning conduc-/ 
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lor are fulfilled, it is physically impossible that it should 
occasion the least accident to the building or ^ip to which it 
is attached. When injury does occur to a ship provided with 
one, it is because this conductor is not sufficient to carry off 
the whole of the discharge ; the ship is then only partially 
protected — damage is done ; but this damage must be in all 
cases immeasurably below what would have been produced by 
the whole discharge, had it not found any conductor to trans- 
mit it to the water. The danger to be apprehended from the 
division of the discharge may be reduced to almost nothing 
by increasing the dimensions and conducting power of the bars 
or plates which transmit the electricity, and by keeping good 
conductors, not connected with it, out of its immediate 
vicinity. 

It has been proved beyond doubt that electricity follows 
the best conducting path which is open to it ; and that when 
it finds a metallic road sufficient to conduct it completely, it 
never flies to surrounding bodies greatly inferior in conducting 
power. , . 

“ The experiments of M. de Romas, made in Franco, wdtii 
the electrical kite, immediately after Franklin’s first attempt, 
might satisfy the most timid in this respect. ‘ Imagine,’ 
writes he to the Abbe Nollct, ‘ that you see sheets of fire, nine 
or ten feet long and an inch broad, which made as much or 
more noise than the reports of a pistol. In less than an hour 
1 had certainly 30 sheets of these dimensions, without count- 
ing a thousand others of seven feet and under. But what 
gives me the greatest satisfaction in this new spectacle is, tluijt 
the largest sheets were spontaneous, and notw ithstanding the 
abundance of fire which formed them, they constantly fell on 
the nearest conducting body. This constancy gave me so 
much ^security that 1 did not*fear to excite this fire w'ith my 
discharger, even when the storm was violent; and when the 
glass branches of this instrument were only two feet long, I 
conducted wherever 1 pleased, without feeling the smallest 
shock in my hand, sheets of fire six or seven feet long, with 
the same facility as tliose of only six or seven inches. 

The wire of the kite w as insulated, and the sparks drawn 
by a metallic conductor held in* the hand by means of an 
insulating handle, and communicating with the ground by 
a chain. The human body is known not to be one of the 
w^orst conductors; yet because it was two feet further than a 
far more perfect one, it received none of the discharge, even 
though the conducting path was an interrupted one. 

“ The phenomenon to which the name of lateral explosion 
has been generally given was the first observed hv Henly, 
VoL. V — No. 25, Jutic, 1840. B 
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more than half a century ago, and has been subsequently 
experimented upon by Priestly, Cavallo, and more recently 
by Biot. 

“ I conceive it has no application to lightning conductors, 
but as it has been brought forward as an objection to Mr. 
Harris’s plan by Mr. Roberts, it may be necessary to say a 
few words respecting its real nature. 

It takes place during the discharge of an electric battery, 
that is at the moment of the union of the positive and negative 
electricities accumulated on the opposite coatings of the jars ; 
no part of these accumulated electricities has anything to do 
with the effect, which arises solely from the induction of that 
small portion of electricity which remains free on one of the 
surfaces of the battery or the conducting bodies attached 
thereto. 

“ This is the explanation of the phenomenon given by the 
best authoritfes, and, as Biot observes, theory and experiment 
unite in demonstrating to us that it is incomparably less than 
the direct discharge. 

“ Even, therefore, were lightning conductors liable to this 
lateral discharge, it would be easy to prevent any material 
damage arising from this cause; but after attentively con- 
sidering the subject, and Mr. Roberts’s objections, I am still 
of opinion that, in the case of lightning conductors, the lateral 
discharges that sometimes occur and produce mischief, arise 
solely from the insufficiency of the conductor to carry off the 
whole of the electric fluid which enters, as I have above 
i^ated, and the remedy to which is obvious.” 

The evidence of the officers wdio had served in IL M. ships 
fitted on Mr. Harris’s plan, and had witnessed the effects of 
lightning descending by the conductors, as w^ell as the 
absence of any case, so far as^ve can learn, of kteraPexplo- 
sion, even from the common chain conductor of such inferior 
capacity, so fully bear out the opinions of Professors Faraday 
and Wheatstone, that w e do not hesitate to state our entire 
conviction of the futility of the objection on account of 
‘‘lateral discharge.” 

Thirdly. That Mr. Harris’s conductors do not afford a 
continuous line of solid metal. This objection will embrace 
the ninth question in their lordship’s instructions, namely, 
“ Whether the continuity can be preserved in all probable 
circumstances, and whether the danger is not increased in 
case of interruption of the coftductor, or of its being of in- 
adequate dimensions ?” 

On this point again we beg to quote the opinions of Pro- 
fessors Faraday and Wheatstone, ^ 
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Professor Faraday stated, that ** the conducting power of 
the plates would be but little diminished by the continuous 
solidity of the metal being interrupted, so long as the portions 
of the conductor remained in contact ; that even supposing 
the tumblers on the caps were, through accident, to be open 
to the extent of half an inch or an inch, no injury would be 
caused to the surrounding woodwork by the electricity leaping 
from one point to the other ; that rope, or any substance of 
small conducting capacity, if placed between the two points, 
would perhajjs be destroyed, but the probability appeared so 
small of any accident occurring whereby the continuity could 
be interrupted, that he should not hesitate to say tliere would 
be no objection to Mr. Harris’s plan on that score.” 

Professor Wheatstone stated, he was of opinion that if 
the copper plates of which the conductors were composed 
were in mechanical contact, there would be no^ danger of an 
explosive discharge along the line of junction; and that their 
capability for carrying off the electricity would be so little 
• diminished by a sli^it interruption of the continuous solidity 
of the metal, that there could* be no objection to them on the 
ground of being formed of separate pieces of copper. 

That the continuity of the conductors appeared to be 
sufficiently provided for by the tumblers on the caps, and that 
no danger need be anticipated supposing they were opened 
by accident to the ^xtent of an inch or two, as the electricity 
would pass from one point to the other without damaging the 
‘contiguous woodwork.” 

Their lordships will perceive by reference to the description 
and drawings of Mr. Harris’s' plan that every means have 
been adopted to ensure the pres(frvation of the continuity 
under all possible circumstances, and in no case is an inter- 
ruption of ftny consequence 'likely to occur. 

Fourthly. The danger of accidents to men in contact with, 
the conductors at the moment of the electricity decending. 

No instance of any accident of the sort has been known to 
occur. 

On board II. M. S. Beagle, the lightning was seen to strike 
the conductor, and though it passed within eight inches of 
the purser’s head, who was asleep in his cabin at the time, he 
experienced no ill effects, beyond being woke by the general 
concussion. 4 

Professor Faraday statec^, that he believed a man would 
receive no injury if lie were leaning against Mr, Harris’s con- 
ductor when the electricity descended, and that any opinion 
to the contrary must be only assumption. 

2. Objections of a practical description, as injuring and 
weakening the spars. 
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The surveyor of die navy and Mr, Edye stated that they 
vrere of opinion that Mr. Harris’s conductors injure the 
spars. 

Frist. That the nails by which they ore fixed split the 
spars ; and when the masts are strained by carrying sail, the 
wet might get into the splits on the weather side, and cause 
injury. 

Secondly. That the conductors weaken the spars. 

In support of the opinion that the nails split the spars, the 
surveyor of the navy considered he was borne out by the 
report of survey on the Caledonia’s spars, from which Mr. 
Harris’s conductors had been stripped. 

The oflicers of Plymouth Dockyard state, in their report 
of the 15th June, 183J), that “if the conductors had 
been allowed to remain in the spars, there w'ould not have 
been any objection to their re-issue to the ship or ships to 
which they belonged.” 

“ That if the conductors had not been removed from the 
topgallant-masts and flying jib-boom,,/ tlje rents occasioned • 
by the nails would not have been apparent,’ and the necessity 
for reducing the spars on account of the grooves made for the 
reception of the conductors would not have existed.” “ In 
several instances the injury done to the smaller spai*s may 
be attributable to the great number of nails used for fastening 
the conductors, and which rendered the ^ small spars of the 
Caledonia unserviceable,” 

We beg to observe, however, in this instance, that nails 
are stated to have been used of two inches and a half in length 
to fix the copper plates, of only three-sixteenths of an inch, 
on a spar of six inches and a half in diameter. 

The foreman of the Mast D^artment at Plymouth states, 
that “ none of the spars of the Spartiate and Forte when 
returned into store were rendered unserviceable from the 
conductors, and in every instance the plates were as securely 
fixed as when first fitted in ; that no injury from nail-holes 
would ever render a re-conversion of a spar necessary ; and 
that they would never be rendered inapplicable for other 
or inferior purposes, if the conductors were kept in.” 

The oflScers of the Portsnfouth Dockyard state that “ they 
are not aware that any injury to the masts or spars was 
attributable to tlie application of Mr. Harris’s conductors.” 
Captain Fitzroy stated, that ‘4n H. M. S. Beagle, when 
under his command, he had never found the spars split by the 
nails, and did not consider that they were likely to be 
weakened or injured by them, as the nails were flattened at 
the point, and passed between instead of cutting the fibres of 
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the wood ; but allowing such to be the case, no wet could 
ever penetrate if the masts were kept properly greased.” 

Secondly. That the conductors weakened the spars, (which 
embraces the sixth question of their lordships’ instructions, 
namely, Whether the conductors of Mr. Snow Harris can 
be so fitted as not to weaken the spars in which they are 
placed ?”) 

Captain Fitzroy stated, that ‘‘ the copper plates appeared 
to strengthen rather than weaken the spars. In so small a 
vessel as a 10-gun brig, the Beagle, the spars were found to 
be improved rather than injured, and though exposed for five 
years to continued service, the same spars remained at the 
present moment in the Beagle, with the exception of the top- 
gallant-masts.” 

Commodore Pell stated, in proof that Mr. Harris’s conduc- 
tors were not injurious to the spars, that after four years’ 
service the Forte was paid off with the same masts, top-masts, 
topgallant-masts and royal-masts. 

Captain the Hem. F, Grey, Commander Turner, Captain 
the Hon. W. Wellesley, and Commander Norcott, who had 
served in ships fitted with Mr. Harris’s plan, were also 
equally of opinion that the introduction of the copper plates 
tended rather to strengthen the spars. Experiments were 
made to ascertain the point in 1831, in Portsmouth Dock- 
yard, under the superintendence of Mr. Harris and Mr, Rice, 
in the presence of several distinguished officers, &c., by which 
it will be seen that a spar (a jib-boom) was undoubtedly 
strengthened by the application of the plates, and •in certain 
positions increased in stability upwards of a sixth ; thus con- 
firming the opinions of the officers •above mentioned, who had 
testgi the fact by experience in actual service. 

Thirdl/. Objections on the score of expense. 

With reference to the fifth point of their lordships’ instruc- 
tions, namely, “ What the comparative expense is of different 
descriptions of lightning conductors ?” 

The accompanying Table shows the cost of Mr. Harris’s, 
and the common chain conductor for each class of H. M. 
ships.* 


♦ In tl^is Table the expense of the common conductors is omitted, but we 
have added this information from another tabic which we find in the Appen- 
dix— Ed. M. M. 
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Class of Ships. 

Expense of 
fittinf^ each Ship 
with E arris's 
Conductors. 

Expense of 
common 
Conductors. 

No. of Guns. 

£. 

8. d. 

^0. s. d. 

120 

365 

17 8 

3 2 

84 

350 

15 7 

3 1 3 

74 

317 

18 6 

2 16 10^ 

50 

286 

15 10 

2 13 ll|^ 

46 

236 

1 7 

2 8 li 

28 

161 

18 11 

1 19 8 

18 

119 

7 2 

1 19 8 

10 

102 

12 7 

1 15 0 


From this account it is obvious that the adoption of Mr. 
Harris’s plan would be accompanied with a very considerable 
increase of expense, but we propose to show in the sequel by 
what means certain reduction in their cost may be effected. 

We now beg to state, with reference^ to^ the tenth head of 
the inquiry, namely, Whether, any other mode of fixing 
lightning conductors docs not possess the same or greater 
advantages than Mr. Harris’s ?” That Mr. Martyn Roberts 
submitted to us a proposition for avoiding the dangers, lie 
considered likely to arise on the adoption of Mr. Harris’s 
plan, from the alleged lateral explosion, by means of a rope 
composed of annealed copper wire, to be led from the truck 
down the afterpart of the masts to the lower mast-head, and 
thence as ^ backstay to the copper sheathing, to which it is to 
be soldered or brazed. This plan differed only from the con* 
ductor used in the h'rench^navy in its mode of application. 

Mr. Edye also submitted a plan for obviating the supposed 
objections to Mr. Harris’s coifductors from their posing 
through the hull of the vessel, consisting of Mr. Harris’s cop- 
per plates as far as the head of the topgallant-mast, (or if 
necessary to the top-mast head), and wire-rope back-stay on 
each side down to the copper sheathing- 

Before entering into the merits of these two plans of very 
similar construction, we cannot but remark on the circumstance 
that the chief objections urged*by Mr. Edye and the surveyor of 
the navy against Mr. Harris’s conductors equally apply to 
Mr. Edye’s proposition, namely, the injury to the smadl spars 
from the nails by which the copj>er plates are fixed, and the 
tendency of the condu(;tors to attract lightning. 

Mr. Edye, in his evidence, states, “he considers Mr. Harris’s 
plan would decidedly weaken the spars, and the nails unques- 
tionably injure by causing splits and admitting the wet, as 
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was found in the case of the Caledonia;” while his own pro- 
position is to apply Mr. Harris’s plates to the royal-masts 
and topgallant-masts if thought necessary, these masts being 
the most liable to the injury he so unquestionably states must, 
in his opinion, ensue. 

Professors Faraday and Wheatstone w^ere shown the draw- 
ings and descriptions of these conductors. 

The former observed with regard to Mr. Edye's, that 

there was no doubt that if they could be kept in their places 
under all circumstances, and the rope was of sufficient capa- 
city to carry off the electricity, they would be efficacious ; but 
in his opinion, their liability to derangement was far greater, 
their capacity less ; nor were they in any one point equal to 
Mr. Harris’s ; and he should greatly prefer the latter.” 

Professor Wheatstone stated, that “ Mr. Edye’s plan of a 
conductor appeared to him to be liable to all the casualties to 
which the common chain conductor was exposed. If it could 
always be kept permanent, and the wire ropes were of suffi- 
cient capacity, there jvould be no doubt they could lead off 
the electricity ; but their liability to accidents was an insuper- 
able objection. • 

Mr. Roberts’ plan appeared very similar to the metallic 
rope conductors used in the French navy, and was objection- 
able on the same grounds as Mr. Edye’s.” 

We entirely concur in the opinions of these gentlemen, and 
beg to observe that both Mr. Roberts’s and Mr. Edye’s plans 
appear to us to be eq^ually subject to all the liabilities to which 
the rigging of a ship is exposed in common with the ^hain con- 
ductor ; in the event of a topmast being carried away, the ship 
is left unprotected, and thus, in the hour of danger, they are 
liable to become useless. 

Tfie weight of the wire ropes in Mr. Edye’s plan would be 
a great objection, especially Avhen it is considered that the 
whole of this w eight rests on the head of the topgallant-mast 
alone. 

A wire rope, of three-fourths of an inch in diameter, from 
the topgallant-mast head (on each side) of a first rate and an 
18-gun brig, as compared with the \veight of their hempen 
backstays, would be as follows,* namely : 

Ilomp. Wire. 

First-rate: topgallant backstay... 2461138. 3571bs. 

18-gun brig 02 268 

And as it is necessary to provide conductors for each mast- 
head, and their capacity must be the same, whether in a first- 
rate or sloop-of-war, the comparative excess of weight would 
be still greater in the fore and mizen masts. 
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In carrying sail, especially in dry weather, when the rig-* 
ging is slack, the inetd not being afiectcd in the same degree 
as the hempen ropes, the strain w^ould prohi^ly be so great 
on the conductor, as to carry away the topgallant-mast, or the 
wire backstay. 

It has been proposed to place a globe of glass on the mast- 
head in lieu of a conductor, on the hypothesis that, from the 
non-conducting property of glass, it w^ould serve as a repellant 
to lightning ; but Professor Faraday considered ‘‘ it would 
not be a preventive, but would rather tend to increase the 
liability to an explosive and to a more violent rather than to a 
silent discharge, and would therefore increase the danger.” 

Professor Wheatstone was of opinion that “ such a propo- 
sition was an absurd notion, and would be dangerous in the 
extreme, inducing, in many instances, an explosive discharge, 
where a conductor might have silently drawn oflF the electricity.” 

After maturely considering the several points now discussed,' 
and the evidence, both practical and theoretical, which has 
been submitted to us, we are unanimo^^sly of opinion, that of 
all the plans of conductors which, we have jfiad under our con- 
sideration, that proposed by Mr. Harris affords the best means 
of preventing the injurious effects of lightning. 

We now propose to show by what means the expense of 
fitting Mr. Harris’s conductors may bo reduced. 

In considering this question, it w^ill be necessary to divide 
it into three separate heads, namely : 

First, Dimensions of tlie plates of the conductors. 

jSecondly, Abbreviation of the conductors. 

And, 1 iiirdly, The number required in each ship. 

First, in order to ascertain the feasibility and safety of 
reducing the size of the copper plates originally proposed by 
Mr. Harris, it is necessary to eiiter into the question of the 
requisite dimensions of metallic rods to insure protection 
against lightning. 

The capability or power of a metal rod for the safe trans- 
mission of electricity is in direct proportion to the area of sec- 
tion or its metallic contents. 

A copper rod, of half an inch in diameter, has never been 
known to be fused or heated ‘^red hot by an atmospheric dis- 
charge of electricity, and thus a standard of sufficiency is 
afforded with which all conductors may be compared. 

On consideration of this fact, and the rare occurrence of 
the common chain of one-sixth of an inch being fused, w^e were 
led to conclude that Mr. Harris’s plates were larger, especially 
in the lower masts, than experience seemed to require for the 
safe conduction of electrical discharges, and as their dimen- 
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sions varied in the different classes of ships, and it was appa- 
rent that whatev^^ was requisite for one was necessary for all, 
without reference'lo the size of the ship, we desired Mr. Rice 
to prepare a table of the comparative dimensions of Mr. 
Harris’s conductors on the scale originally fixed by him and 
that proposed by us, and Mr. Harris having expressed his en- 
tire acquiescence in the reductions, we beg to recommend the 
following scale of dimensions for the copper plates for the 
masts and spars of ships of all classes in the event of these 
conductors being used in future in il. M. Navy, namely : — 

liiiliL's in 


Lower masts and bowsprits 4 

Topmasts and jib-booms 3 

Topgallant-masts, and flying jib-booms 2^- 

To taper from hounds to truck from 2to 1^- 


The plates remaining of the same lliicknebs in all, viz. I’^ths 
of an inch. 

These reductions will effect a commensurate diminution in 
the expense, and the*folIowin^ account shews the cost of fitting 
each class of H. M. ships on the sede proposed; viz. 



Total Expense 
of the 

C ontluctors. 

A'alue of copper as 
“ old copper,” when 
no longer serviceable 
as conductors. 

Actual Cost 
to the 
Crown. 

• 


£. ’ 

• £. 

£. 

Firgt-rates 

258 

133 

125 

Secoiid-rTites . . . 

24r> * 

127 

119 

Third-rates 

230 

119 

111 

Fourth-rates ... 

214 

110 

104 

Fifth-rates 

192 

99 

93 

Sixth-rates 

151 

85 

GG 

Sloops 

98 

47 

51 

Brigs 

87 

• 

43 

44 


In order to remove any doubt as to the security witli which 
these reductions may be effected, we beg to quote the following 
opinions. 

Professor Faraday stated* that he had no doubt the 
reductions of the copper plates proposed by the committee 
could be effected with entire security.” 


VoL. V — No. 25, July, 1840. 
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Professor Wheatstone stated, that in the Report of the 
Committee of the Academy of Sciences of Paris, appointed 
to investigate the utility of lightning conductors, it is mentioned 
that there is no instance on record of an iron rod of half an 
inch in diameter being fused or made red-hot by a flash of 
lightning; and considering that the capacity of copper for the 
conduction of electricity was from six to eight times greater 
than that of iron, and that the area of the section of Mr. 
Harris’s conductors at the mast head was *4688, of a square 
inch, and in the lower masts *7500, whilst that of an half-inch 
rod was *1970, he felt convinced that they were perfectly safe.” 

Secondly. Abbreviation of the conductors. 

It appeared to us to be a question of great importance to 
consider, whether the time and expense of docking ships for 
the purpose of drawing the copper bolts to effect the metallic 
continuity wdth the keelson bolts and the copper sheathing 
might not be dispensed wdth in cases of emergency, when 
ships were required to be fitted out with expedition, and 
at the same time that they might ptfsseGs the advantages of 
these permanent conductors. We therefore submitted to Pro- 
fessors Faraday and Wheatstone, whether sufficient security 
would be afforded against lightning if the conductors were 
led down no farther than the orlop-deck in line-of-battle ships 
and frigates, and to the lower deck in sloops and brigs, and the 
metallic connexion with the copper sheathing maintained alone 
by the transverse copper bands leading under the beams. 

We beg to subjoin their opinions. 

® Profcgi:.or Faraday stated, that “ he is of opinion there 
w'ould be no objection to cutting off the lower portion of the 
conductors, say from thd low'cst deck, provided that four, or 
even only three of the transverse copper bands leading- under 
the beams to the copper sljeathing remained, as these w^ould 
afford ample means for the dispersion of the electricity. 

‘‘There would be no danger whatever from the electric 
discharge being thus deflected at right angles from the perpendi- 
cular line, as it would ahvays take the line of least resistance, 
and is totally independent of momentum.” 

Professor Wheatstone stated, that “ if, for the sake of 
economy, the conductors were carried no further than the 
low^est (leek instead of to the keelson, he w as of opinion that 
the transverse copper plates under the beams, if connected 
with the copper sheathing by con/luctors of sufficient capacity, 
would afford ample means for carrying off the electricity, and 
that there could be no objection to such an alteration, provided 
always the continuity could be equally well maintained.” 

The reduction in the expense of fitting the conductors on 
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this plan, as compared with the former account, is shewn in 
the following estimate, viz, : — 



To the 

To the 


Lower Deck. 

Keelson. 


Total Cost. 

Total Cost. 


£. 

£. 

First-rates 

229 

258 

Second-rates 

218 

246 

Third-rates 

206 

230 

Fourth-rates 

191 

214 

Fifth-rates 

171 

192 

Sixth-rates 

136 

151 

Sloops 

88 

98 

Brigs 

79 

87 


By this ])lan of abbreviating the conductors, a reduction of 
about one-seventh of the expense of fitting ships would bo 
effected ; and as there appears to be no objection on scientific 
grounds, it may be j-esyrted to as a safe expedient in cases of 
emergency. But we still woi^^ld beg to recommend that the 
copper plates be carried down to the keelson, in all ships 
which may be built or docked in future. 

Thirdly. The number of conductors required in each 
ship. 

The question of the necessity of having conductors fitted 
to each mast and the bowsprit depends upon the confidence 
to be placed in the supposition that a conductor protects 
within a radius of double its owm length, a supposity)n whujii 
may be considered to stand in need of confirmation by further 
experience. • 

In stormy weather, when accidents are most likely to occur, 
a ship may I'arry away a raastT, and if not fitted with a con- 
ductor to each, might possibly be exposed at a moment when 
protection was most needed. 

Professors Faraday and Wheatstone were of opinion, that 
extreme cases should be provided for,” and wc would therefore 
recommend that the three masts as well as the bowsprit should 
be always fitted with the conductors. 

While concluding our reraartas on the mode of applying 
Mr. Harris’s conductors, we beg to state to their Lordships, 
that though it is our decided conviction that no danger is to be 
feared from the assumed lateral explosion, yet if it be deemed 
advisable, for the sake of hbviating any doubts which may 
still exist in the minds of some, we see no objection whatever 
to the copper plates on the fore-mast being placed on the fore 
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part of the mast, whereby the mast itself will intervene 
between the conductors and the magazine. 

Having now completed our remarks on the several points 
to which their Lordships’ instructions directed our attention, 
we trust we have shewn, from the evidence of facts derived 
from the experience of many years, as well as by the opinions 
not only of scientific, but professional, men, the efficacy of Mr. 
Harris’s lightning conductors ; and considering the number of 
lives which have been lost by lightning ; the immense amount 
of property which has been destroyed, as shewn by Mr. 
Harris, and is still exposed without adequate protection ; the 
inconvenience which has arisen, and is still liable to arise, from 
the logs t)i the services of ships at moments of great critical 
importance ; the difficulty of procuring new spars in times of 
war on foreign stations, (not to mention the great expense of 
wages and victuals for the crews of ships while rendered use- 
less till repaired ; we again beg to state our unanimous 
opinion of the great advantages possessed by Mr. Harris’s 
conductors above every other plan, affording permanent 
security at all times, and under all cii^cumstances, against the 
injurious effects of lightning, effecting this protection without 
any nautical inconvenience or scientific objection whatever, 
and we therefore most earnestly recommend their general 
adoption in the Jloyal Navy, 

We have &c, (signed) 

A. M. Griffiths, Rear-Admiral. 

Jas. a. Gordon, Rear-Admiral. 

Jas. Clarke Ross, Captain. 

» J. F. Daniell, Professor of Chemistry* 

Jno. Fincham, Master Shipwright. 


c • 

II. A Letter to Professor Faraday^ on certain Theoretical 
Opinions. By R. Hare, M. D., Professor of Chemistry 
in the University of Pennsylvania.* 

Dear Sir, 

I have been indebted to ypur kindness for several pamphlets 
comprising your researches in electricity, which I have perused 
Vith the greatest degree of interest. 

You must be too well aware of the height at which you 
stand, in the estimation of men of science, to doubt that I 


* Communicated by the Author. 
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entertain with diffidence, any opinion in opposition to yours. 

I may say of you as in a former instance of Berzelius, that 
you occupy an elevation inaccessible to unjustifiable criticism. 
Under these circumstances, 1 hope that I may, from you, 
experience the candor and kindness which were displayed by 
the great Swedish chemist in his reply to my strictures on liis 
nomenclature. 

I am unable to reconcile the language which you hold in 
paragraph 1615, with the fundamental position taken in 1155. 
Agreeably to the latt^Jr, you believe ordinary induction to be 
the action of contiguous particles, consisting of a species of 
polarity, instead of being an action of either particles or 
masses at ‘‘ sensible distances'^ Agreeably to the former, 
you conceive that assuming a perfect vacuum was to 
intervene in the course of the line of inductive action, it 
docs not follow from this theory that the line of particles on 
opposite sides of such a vacuum would not act upon each 
other.” Again, supposing it possible for a positively elec- 
trified particle to be in the centre of a vacuum an inch in 
diameter, nothing in iny present view forbids that the particle 
should act at a distance of lialf an inch on all the particles 
forming the disk of the inner superficies of the bounding 
sphere.” 

Laying these (piotations before you for reconsideration, I 
beg leave to inquire how a positively excited particle, situated 
as above described, can react indue trically” with any par- 
ticles in the superficies of the surrounding sphere, if this 
sj)ecies of reaction require that the particles between which it 
takes place be contiguous. Moreover if induction be not 
“ an action either of particles or masses at sensible distances,” 
how can a particle situated as ab(t\’e described, act at the 
distq^ce of half an inch on qll the particles forming the disk 
of the intier superficies of the hounding sphere?' What is a 
sensible distance, if half an inch is not ? 

How can the force thus exercised obey the well known 
law of the squares of the distances,” if as you state (1375) the 
rarefaction of the air does not alter the intensity of the induc- 
tive action ? In proportion as the air is rarefied, do not its 
particles become more remote? 

Can the ponderable particles of a gas be deemed contiguous 
in the true sense of this word, under any circumstances? And 
it may be well here to observe, that admitting induction to 
arise from an affection of intervening ponderable atoms, it is 
difficult to conceive that the intensity of this affection will be 
inversely as their number as alleged by you. No such law holds 
good in the communication of heat. 'J'he air in contact with 
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a surface at a constant elevation of temperature, such for 
instance as might be supported by boiling water, would not 
become hotter by being rarefied, and consequently could not 
become more efficacious in the conduction of heat from the 
heated surface to a colder one in its vicinity. 

As soon as I commenced the perusal of your researches on 
this subject, it occurred to me that the passage of electricity 
through a vacuum, or a highly rarefied medium, as demon- 
strated by various experiments, and especially those of Davy, 
was inconsistent with the idea that pohderable matter could 
be a necessary agent in the process of electrical induction. I 
therefore inferred that your efforts would be primarily directed 
to a re-examination of that question. 

If induction, in acting through a vacuum, be propagated 
ill right lines, may not the curvilinear direction which it pur- 
sues, when passing through “ dialectrics,” be ascribed to the 
modifying influence which they exert ? 

If, as you concede, electrified particles on opposite sides of 
a vacuum can act upon each other, wherefore is the received 
theory of the mode in w^hich the excited surface of a Leyden 
jar induces in the opposite surface, a contrary state, objec- 
tionable ? 

As the theory which you have proposed, gives great im- 
portance to the idea of polarity, I regret that you have not 
defined the meaning which you attach to this word. As you 
designate that to which you refer, as a “ species of polarity,” 
it is presumable that you have conceived of several kinds with 
w hich ponderable atoms may be endowed. 1 find it difficult to 
conceive of any kind which may be capable of as many degrees 
of intensity as the known phenomena of electricity require ; 
especially according to yoiir opinion that the only difference 
between the fluid evolved by galvanic apparatus and- that 
evolved by friction, is due to opposite extremes in quantity 
and intensity : the intensity of electrical excitement producible 
by the one, being almost infinitely greater than that which 
can be produced by the other. What state of the poles can 
constitute quantity — what other state of intensity, the same 
matter being capable of either electricity, as is well known to 
be the fact? Would it not l>e well to consider how, con- 
sistently with any conceivable polarization, and without the 
assistance of some imponderable matter, any great difference 
of intensity in inductive power, can be created ? 

When by friction the surface is polarized so that particles 
are brought into a state of constraint from which they endea- 
vor to return to their natural state, if nothing be superadded 
to them, it must be supposed that they have poles capable of 
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existing in two different positions. In one of these positions, 
dissimilar poles coinciding, are neutralized ; while in the other 
position, they are more remote, and consequently capable of 
acting upon other matter. 

But I am unable to imagine any change which can admit 
of gradations of intensity, increasing with remoteness. I can- 
not figure to myself any reaction which increase of distance 
would not lessen. Much less can I conceive that such 
extremes of intensity can be thus created, as those of which 
you consider the existence as demonstrated. It may be sug- 
gested that the change of polarity produced in particles by 
electrical inductions, may arise from the forced approximation 
of reciprocally repellent poles, so that the intensity of the in- 
ductive foree, and of tlicir effort to return to their previous 
situation, may be susceptible of the gradation which your 
electrical doctrines require. But c ould the existence of such 
a repellent force be consistent with the mutual cohesion which 
appears almost universally to be a property of ponderable 
particles ? I am {fw^ate that, agreeably to the ingenious hy- 
pothesis of Mossotti, repulsibn is an inherent property of the 
particles which we call ponderable ; but then he assumes the 
existence of an imponderable fluid to account for cohesion ; 
and for the necessity of such a fluid to account for induction 
it is my ultimate object to contend. I would suggest that it 
can hardly be expedient to ascribe the phenomena of electri- 
city to the polarization of ponderable particles, unless it can 
be shewn that if admitted, it would be competent to produce 
all the known varieties of electric excitement, wheflier as* to 
its nature or energy. 

If I comprehend your thcor}', tlJe opposite electrical state 
induced oj one side of a ooated ])ane, when the other is 
directly electrified, arises from an aflectiou of the intervening 
vitreous particles, by which a certain polar state caused on 
one side of the pane, induces an opposite state on the other 
side. Each vitreous particle having its poles severally in 
opposite states, they are arranged as magnetized iron filings 
in lines : so that alternately opposite poles are presented in 
such a manner that all of one kind are exposed at one surface, 
and all of the other kind at the other surface. Agreeably to 
this or any other imaginable view of the subject, I cannot 
avoid considering it inevitable that each particle must have at 
least two poles. It seems to me that the idea of polarity re- 
quires tfiat there shall be in any body possessing it, two 
opposite poles. Hence you correctly allege that agreeably to 
your views it is impossible to charge a portion of matter with 
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one electric force without the other. {See par. 1177.) fiut 
if all this be true^ how can there be a “ positively excited par- 
ticle ?” ( See par. 1616.) Mu$t not every particle be excited 

negatively, if it be excited positively? Must it not have a 
negative, as well as a positive pole ? 

I cannot agree with you in the idea that consistently with 
the theory which ascribes the phenomena of electricity to one 
fluid, there can ever be an isolated existence either of the 
positive or negative state. Agreeably to this theory, any ex- 
cited space, whether minus or plus, must have an adjoining 
space relatively in a different state. Between the phenomena 
of positive and negative excitement there will be no other 
distinction than that arising from the direction in which the 
ftuid .will endeavor to move. If the excited space be positive, 
it must strive to flow outward ; if negative, it will strive to 
flow inward. When sufficiently intense, the direction will be 
shewn by the greater length of the spaH^^ .when passing from 
a small ball to a large one. It is alwiiys longer when the 
small ball is positive, and the large onb negative, than when 
their positions are reversed."^ 

But for any current it is no less necessary that the pressure 
should be on one side comparatively minus, than that on the 
other side, it should be comparatively plus ; and this state of 
the forces must exist whether the current originates from a 
hiatus before, or from pressure behind. One current cannot 
differ essentially from another, however they may bQ pro- 
duced. 

*ln parigrapli 1330, I have been struck with the following 
query, ‘‘ ^Vhat then is to^separatc the principle of these ex- 
tremes, perfect coiiduclion and perfect insulation, from each 
other ; since the moment we kavc the smallest^ degwee of 
perfection at either extremity, wc involve the element of per- 
fection at the opposite ends?” Might not this query be made 
with as much reason in the case of motion and rest, between 
the extremes of wliich there is an infinity of gradations? If 
w e are not to confound motion with rest, because in proportion 
as the former is retarded, it differs less from the latter ; 
wherefore should w’e confound insulation with conduction, 
because in proportion as the one is less efficient, it becomes 
less remote from the other? 

In any case of the intermixture of opposite qualities, may 
it not be said in the language w^hieh you employ the moment 
we leave tlie element of perfection at one extremity, we in- 


See vol. 1. p. 489, of these Annals. 
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volve the element of perfection at the opposite.” Might it not 
be said of light and darkness, or of opaqueness and translu- 
cency ; in which citee to resort to your language* again, it 
might be added especially as we have not in nature, a case 
of perfection at one extremity or the other.” Hut if there be 
not in nature, any two bodies of which one possesses the pro- 
perty of perfectly resisting the passage of electricity, while the 
other is endowed with the faculty of permitting its passage 
without any resistance ; does this affect the propriety of con- 
sidering the qualities of insulation and conduction in the 
abstract, as perfectly distinct, and inferring that so far as 
matter may be endowed with the one property, it must be 
w^anting in the other ? 

Have you ever known electricity to pass through a pane 
of sound glass? My knowledge and experience create an 
impression that a coated pane is never discharged through the 
glass unless it be cracked or perforated. That the property 
by which glass resists the passage of e!c(*tricity, can be con- 
founded with that whi^h enables a metallic wire to permit of 
its transfer, agreeably to WJieatstone’s experiments, with a 
velocity greater than that of the solar rays, is to my mind 
inconceivable. , • 

You infer that the residual charge of a battery arises from 
the partial penctl*atioii of the glass by the opposite excite- 
ments. But'if glass be penetrable by electricity why does it 
not pass through it without a fracture or perforation ? 

According to your doctrine, induction consists ‘Mn a forced 
state of polarization in contiguous rows of the particles of tjie 
glass” (1300); and since this is propagated from one side to 
the other, it must of course exist equally at all depths. Yet 
the partial penetration suggested by you, supposes a collateral 
affectibn of4;he same kind, extending only to a limited depth. 
Is this consistent ? Is it not more reasonable to suppose that 
the air in the vicinity of the coating gradually relinquishes to 
it a portion of free electricity, conveyed into it by what you 
call “ conveciionJ* The coating being equally in contact witli 
the air and glass, it appears to me more easy to conceive that 
the air might be penetrated by the excitement, than the glass. 

In paragraph 1300, I observe the following statement : 

When a Leyden Jar is charged^ the particles of (he glass 
are forced into this polarized and constrained cotidiiion by 
the electricity of the charging apparatus. Discharge is the 
return of , the particles to thiir natural state^from their state 
of tension^ whenever the two electric forces are allowed to be 
disposed of in some other direction^' As you have not pre- 
viously mentioned any particular direction in which the forces 
VoL. V — No. 25, July, 1840. D 
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are exercised during the prevalence of this constrained con- 
dition, 1 am at a loss as to what meaning 1 am to attach to 
the words “ some other direction.” The word some, would 
lead to the idea that there was an uncertainty respecting the 
direction in which the forces might be disposed of ; whereas 
appears to me that the only direction in which they can 
operate, must be the opposite of that by which they have 
been induced. 

The electrified particles can only return to their natural 
state” by retracing the path by which they departed from it. 
I would suggest that for the words to be disposed of in some 
other direction^'' it would be better to substitue the following, 
to compensate each other by an adequate communication'^ 
Agreebly to the explanation of the phenomenon of coated 
electrics afforded in the paragraph above quoted (1300), by 
what process can it be conceived that the opposite polariza- 
tion of the surfaces can be neutralized by conduction through 
a metallic wire ? If I understand your hypothesis correctly, 
the process by which the polarization ^ of one of the vitreous 
surfaces in a pane produces an opposite" polarization in the 
other, is precisely the same as that by which the electricity 
applied to one end of thft wire extends itself to the other end. 

I cannot conceive how two processes severally producing 
results so diametrically opposite as insulation and conduction, 
can be the same. By the former, a derangement erf the elec- 
tric equilibrium may be permanently sustained, while by the 
other, all derangement is counteracted with a rapidity almost 
infinite. But if the opposite charges are dependent upon a 
polarity induced in contiguous atoms of the glass, which 
endures so long as no copoimunication ensues betw^een the sur- 
faces ; by what conceivable process can a perfect conductor 
cause a discharge to take place, with a velocity at ISast as 
great as that of the solar light ? Is it conceivable that all the 
lines of “ contra-induction” or depolarization can concentrate 
themselves upon the wire from each surface so as to produce 
therein an intensity of polarization proportioned to the con- 
centration ; and that the opposite forces resulting from the 
polarization are thus reciprocally compensated? I must 
confess, such aconcentratiowof such forces or states, is to me 
difficult to reconcile w ith the conception that it is at all to be 
ascribed to the action of the rows of contiguous ponderable 
particles. 

Does not your hypothesis require that the metallic particles, 
at opposite ends of the wire, shall in the first instance be 
subjected to the same polarization as the excited particles of 
the glass ; and that the opposite polarizations, transmitted to 
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some intervening point, should thus be mutuaUy destroyed, 
the one by the other ? But if discharge involves a return to 
the same state in vitreous particles, the same must be true in 
those of the metallic wire. Wherefore then are these dis- 
sipated, when the discharge is sufficiently powerful ? Their 
dissipation must take place either while they are in the state 
of being polarized, or in that of returning to their natural 
state. But if it happen when in the first mentioned state, 
the conductor must be destroyed before the opposite polariza- 
tion upon the surfaces can be neutralized by its intervention. 
But if not dissipated in the act of being polarized, is it reason- 
able to suppose that the metallic particles can be sundered by 
returning to their natural state of depolarization ? 

Supposing that ordinary electrical induction could be satis- 
factorily ascribed to the reaction of ponderable particles, it 
cannot, it seems to me, be pretended that magnetic and 
electro-magnetic induction is referable to this species of re- 
action. It will be admitted that the Faradian currents do not 
for their production^ require intervening ponderable atoms. 

From a note subjoined tp page 37 of your pamphlet, it 
appears that on the question of the existence of one or more 
imponderable fluids as the cause of electrical phenomena, it 
has not been you intention to decide.’’ I should be much 
gratified if any of the strictures in which I have been so bold 
as to indulge, should contribute to influence your ultimate 
decision. 

It appears to me that there has been an undue disposition 
to burden the matter, usually regarded as such, \vith more 
duties than it can perform. Although it is only with the pro- 
perties of matter that we have a diiiect acquaintance, and the 
existence of matter rests upon a theoretic inference that since 
we perceiw properties, thefe must be material particles to 
which those properties belong; yet there is no conviction 
which the mass of mankind entertain with more firmness than 
that of the existence of matter in that ponderable form, in 
which it is instinctively recognized by people of common 
sense. Not perceiving that this conviction can only be sup- 
ported as a theoretic deduction from our perception of the 
properties ; there is a reluctance to admit the existence of 
other matter, which has not in its favor the same instinctive 
conception, although theoretically similar reasoning w^ould 
apply. But if one kind of matter be admitted to exist 
because we perceive properties, the existence of which cannot 
be otherwise explained, are we not warranted, if we notice 
more properties than can reasonably be assigned to one kind 
of matter, to assume the existence of another kind of matter ? 
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Independently of the considerations which have heretofore 
led some philosophers to suppose that we are surrounded by 
an ocean of electric matter, which by its redundancy or defi- 
ciency, is capable of producing the phenomena of mechanical 
electricity, it has appeared to me inconceivable that the phe- 
nomena of galvanism and electro-magnetism, latterly brought 
into view, can be satisfactorily explained without supposing 
the agency of an intervening imponderable medium by whose 
subserviency the inductive influence of currents or magnets is 
propagated.* If in that wonderful reciprocal reaction between 
masses and particles, to which I have alluded, the polarization 
of condensed or accumulated portions of intervening impon- 
derable matter, can be brought in as a link to connect the 
otherwise imperfect chain of causes ; it w ould appear to me a 
most important instrument in lifting the curtain which at 
present hides from our intellectual vision, this highly impor- 
tant mechanism of nature. 

Having devised so many ingenious experiments tending to 
show that the received ideas of electrical induction are inade- 
quate to explain the phenomena^without supj)osing a modify- 
ing influence in intervening ponderable matter, should there 
prove to be cases in which the results cannot be satisfactorily 
explained by ascribing to them ponerable particles, I hope 
that you may be induced to review the whole ground, in order 
to determine whether the part to be assigned to contiguous 
ponderable particles, be not secondary to that performed by 
the imponderable principles by which they arc surrounded. 

But if galvanic phenomena be due to ponderable matter, 
evidently that matter must be in a state of combination. To 
what other cause than ay intense affinity between it and the 
metallic particles with which it is associated, can its confine- 
ment be ascribed consistently with your estimate ©f the* enor- 
mous quantity which exists in metals ? If “ a grain of water 
or a grain of zinc, contain as much of the electric fluid as 
would supply eight hundred thousand charges of a battery 
containing a coated surface of fifteen hundred square inches,” 
how intense must be the attraction by which this matter is 
pouiined ? In such cases, may not the material cause of elec- 


• This view is precisely that which we have given at page 270, vol. 1, of these 
Annals ; and, consequently, in strict conformity w’ith the theory of electro- 
magnetism and magnetic electricity, which wc have there explained. Wc are 
glad to find an acknow ledgement of the principles of our theory from so eminent 
an experimental philosopher as Dr. Hare; it give.s us some hopes that it will 
^oon be more generally acknowledged as affording the simplest and most 
natural mode of explaining electro-magnetic and magnetic.electrical pheno- 
mena, that has hitherto been offered to the notice of philosophers. — Edit. 
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tricity be considered as latent, agreeably to the suggestion of 
ffirsted, the founder of electro-magnetism ? It is in combi- 
nation with matter, and only capable of producing the appro- 
priate effects of voltaic currents when in act of transfer from 
combination with one atom to another ; this transfer being at 
once an effect and a cause of chemical decomposition, as you 
have demonstrated. 

If polarization, in any form, can be conceived to admit of 
the requisite gradations of intensity, which the phenomena 
seem to demand ; would it not be more reasonable to suppose 
that it operates by means of an imponderable fluid existing 
throughout all space, however devoid of other matter ? May 
not an electric current, so called, be a progressive polariza- 
tion of rows of the electric particles, the polarity being pro- 
duced at one end and destroyed at the other incessantly, as I 
understood you to suggest in the case of contiguous ponderable 
atoms. 

When the electric particles w ithin different wires are polar- 
ized in the same tangential direction, the opposite poles being 
in proximity, there will be iittr<*iction. Wlien the currents 
of polarization move oppositely, similar j)olcs coinciding, there 
will be repulsion, i'lie phenomena require that the mag- 
netized or polarized particles should be arranged as tangents 
to the circumference, not as radii to the axis. Moreover, the 
progressive movement must be propagated in spiral lines in 
order to account for rotatory influence. 

Between a wire which is the mean of a galvanic discharge, 
and another not making a part of a circuit, the electric matter 
which intervenes may, by undergoing a polarization, become 
the medium of producing a progrftssive polarization in the 
second wire moving in a direction opposite to that in the 
inducing mre; or in other Vords aii electrical current of 
the species called Faradian may be generated. 

By progressive polarization in a wire, may not stationary 
polarization, or magnetism be created ; and reciprocally by 
magnetic polarity, may not progressive polarization be excited '/ 

Might not the difficulty, above suggested, of the incompe- 
tency of any imaginable polarization to produce all the varie- 
ties of electrical excitement which fads require for explanation, 
be surmounted by supposing intensity to result from an accu- 
mulation of free electric polarized particles, and quantity from 
a still greater accumulation of such particles, polarized in a 
latent state or in chemical edmbination ? 

There are, it would seem, many indications in favour of 
the idea that electric excitement may be due to a forced po- 
larity, but in endeavouring to define the state thus designated. 
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or to explain by means of it the diversities of electrical charges, 
currents and effects, I have always felt the incompetency of 
any hypothesis which I could imagine. How are we to ex- 
plain the insensibility of a gold leaf electroscope, to a galvan- 
ized wire, or the indifference of a magnetic needle to the most 
intensely electrified surfaces ? 

Possibly the Franklinian hypothesis may be combined with 
that above suggested, so that an electrical current may be 
constituted of an imponderable fluid in a state of polarization, 
the two electricities being the consequence of the position of 
the poles or their presentation. Positive electricity may be 
the result of an accumulation of electric particles, presenting 
poles of one kind ; negative, from a like accumulation of the 
same matter with a presentation of the opposite poles, inducing 
of course an opposite polarity. The condensation of the elec- 
tric matter, within ponderable matter, may vary in obedience 
to a property analaguus to that which determines the capacity 
for heat, and the different influence of dialectrics upon the 
process of electrical induction may arise; from this source of 
variation. * 

With the highest esteem, 1 am yours truly, 

.UoBEiiT Hare. 


III . — Description of a New Electro-tome. By 
Thomas Wright, Esq. In a Letter to the Editor. 

Sir, 

1 have lately (*,ontrived a self-acting Electro-tome, an account 
of whichTl send you herewith, in hope that you may think it 
worthy of insertion in yo\^r valuable journal. 

I am, Sr, 

Youfs respectfully, » * 

Thomas Wright. 

Knutsford, 2 1th March, 1 840. 

In fig. I. pi. 1, A is the end of an electro-magnetic coil, to 
which it is desired to apply the Electro-tome, B is a block of wood 
morticedinto the foot-board of the machine, through which pass 
the small brass bars C D and E F ; at D is soldered a copper wire, 
which is bent round the end bf the bar E F, so as to form a 
spring pressing on the same at G ; to the end of the spring at 
G is soldered a piece of tinned iron H, one inch broad and 
three inches long, bent in a U form as shewn at 1. On the 
bar C D is a binding screw at D*, and one end of the primal 
wire of the coil is soldered to E. 

To put the machine iu action, one of the poles of a battery 
is screwed into D, and the other to the unattached end of the 
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primal wire ; by this means the current passes along D G E, 
tlirough the coil, and out at L, magnetizing the core of iron 
wires in the coil, these immediately attract the piece of tinned 
iron H, and thus contact is broken at G with inconceivable 
rapidity : indeed, when the spring is bent close, and the mag- 
net is approximated very nearly to the wires, the motion of 
the break produces a continued loud hum ; the shocks how- 
ever are not so strong as when the magnet is further from the 
break, and more time thus allowed for the developement of 
magnetism in it. 

The electro-magnet which I employ is formed of a bundle 
of annealed iron wires, two feet long and about half an inch 
in diameter ; over tliis is coiled forty yards of copper wire, 
1-lOthof an inch thick, (this is too thick when a small battery 
is intended to be used,) and over this, soldered to it, and 
forming one continuous coil, are wrapped 1 00 yards of copper 
wire, l-15th of an inch thick; the battery connexions are 
made with the ends of the primal or thick wires ; the shocks 
and decompositions, ^re*. obtained from the whole length. 

The jmmal current of thtf magnet gives a strong shock ; 
(even with three square inches of zinc in the battery described 
hereafter ;) the shock *from the whole length is however intol- 
erable, when the ends of the wires are touched with small 
pieces of tinned iron held between the dry tips of the finger 
and thumb of each hand ; and when the cylindrical conductors 
attached to the machine are held loosely with dry hands, a 
continued crackling is heard, as if the electric fluid was pass- 
ing through the thin space of air between the conductors and 
the hands.* 

Mercury must not on any/accoimt be used as part of the 
electro-tome to the above coil, as the greater part of the 
secondary current passes in tbe dense and vaporous spark, 
occasioned by the combustion of that metal. 

Instead of copper in the battery, I use common tea-chest lead, 
which I find to answer better. It is prepared by cutting strips 
of it in the form of a feather, so as to offer a great number of 
points for the conduction of the electric fluid, these are then 
placed round the inside of ajar, and the ends turned over the 
rim, and bound in their places with a bright copper wire firmly 
twisted round them, to serve as negative conductor: The 
zinc and diaphragms as in Daniels, the solutions as in Mullin’s 
batteries. 

Since the receipt of this letter, we have been favored with a si^ht of Mr. 
WrighVs very neat instrument, at the Royal Victoria Gallery of Practical 
Science, Manchester ; and' can testify as to its powers fully answering to the 
description.— Edit. 
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IV. — Description of a New Electro^magneiic Machine 
By Thomas Wright, Esq. In a Letter to the Editor^ 


Dear Sir, 

The following description of an Electro-magnetic Machine 
will, 1 hope, prove interesting to the readers of your 
“Annals.” * 

I am 


\ ours respectfully, 

Thomas Wright. 


Knutsford, March 28, 1840. 


Fig. 2, gives a sectional view of the iqiparatus. It consists 
of two concentric cylinders of copper joined together at the 
bottofti ; the inner one A encloses an electro-magnetic coil, 
the end of the bobbin appearing at the top. The dotted lines 
represent concentric cylinders of porous earthenware, with a 
cylinder of zinc between them. To the cylinder A is soldered 
a wire at B, bearing a U shaped piece of .tinned iron at its 
extremity, and pressing wijh a slight §pring against C, which 
^ a bent brass bar in conjunction with one end of the primal 
coil. D is the other end of the primal coil attached by a bind-^ 
ing screw’ to the zinc ; this is a modificition of my self-acting 
electro-tome. The primal and thin coils are joined to form 
one coil : the end of the thin coil is attached to the binding 
screw on the bobbin at E. The shock is taken from thin 
spirals attached to C and E ; sparks, &c, from wires attached 
to C and D. . ^ ^ ^ 

^ Professor Henry has found that electric induction does not 
tak(t plac*e (or very imperfectly) when a closed circuit is inter- 
posed between the primaland su|)erimposcd coils ; but I have 
not seen it remarked that magnetic induction follows the 
same law. Ihe following experiment ho w’ ever se:jms to shew 
that it does : — 

Being desirous- of getting rid of the oxidizing spark which 
takes place on the breaking of the battery current, 1 joined 
the two brass bars of the elec^o-tome, described in my last 
letter with a fine iron wire two yards long,* in hopes that the 
secondary current, on account of its superior intensity, would 
pass through it, though the battery current could not. This 
answered my expectation fully ; the break continued to work 
as usual, and the spark disappeared entirely. £Tbis experi- 
ment w’as performed in the dark.] 

* 1 am afraid 1 shall be thQU(^t pedantic if I call this wire the '^dcuterode,” 
or ‘‘path of the secondary current, but as I hope to mak^ it a source of utility 
in another course of experiments, 1 hare thought it advisable to give it a spe- 
cific name. 
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I then took hold of the ends of the super-imposed coil, and 
was much surprised to find that it did not give the slightest 
shock, even when its extremities were placed in the mouth : 
thinking that the insulation must be imperfect, I disjoined the 
denterode,” the shocks were then as powerful as usual, but 
enjoining it again they instantly ceased. 


V Description of an Electro ^magnetic Engine. 

By Mr. Uriah Clarke. In a Letter to the Editor. 

Sir, X*, 

Enclosed I send you (for publication in the Annals, if you 
please,) a drawing and description of, as I think, an ofiginal 
mode of applying voltaic agency for the purpose of acquiring 
motive power.. Among the varied forms of rotatory move- 
ments, hitherto made public, I believe the general principle 
has been to apply the magnetic action in a lateral manner. 
This circumstance, jtogpther wdtlt the very limited sphere of 
action of even the most powerful magnets, has, perhaps, been 
the cause why large machines and small ones have been so 
disproportioned in the w effects, that .the latter seem to furnish 
no data for calculating the power of the former. 

In the machine which 1 am about to describe to you, the 
magnet is made to act in a direct manner upon a reciprocating 
bar, which bar communicates its motion to a crank, just at the 
most favorable point, viz., when it (the crank) is nearly in a 
horizontal position, and wl|en the bar is making a close 
proach to the magnet ; consequently, the most intense action 
of the magnet is applied to t^ cranjv in that part of its revo- 
lution where it is most eflFective. Now, a slight consideration 
of the*prinoiple of the crank \VU1 shew the importance of this 
object, which is obtained by joining the reciprocating bar to 
the crank, by means of a chain, or other flexile communica- 
tion. (How far this principle may be applicable for maxim- 
izing the effect of a given power upon cranks generally, I leave 
with mechanics to determine — it is indispensable here.) — 
When the crank has moved below the hjrizontal position, the 
reciprocating bar falls upon a rest, which prevents any per- 
cussion taking place on the ends of the magnet. The bar 
remains upoh the rest until the crank has made the lower 
part of its revolution, during which time contact with the bat- 
tery is broken, and the bar, •of course, is disengaged from the 
magnet ; it (the bar) is then lifted by the crank, as it passes 
over the centre, when battery communication being again 
made, another impulse is given* !t will, no doubt, occur to 
VoL. V — No. 25, June, 1840. E 
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you, that a number of magnets may be used with a succession 
of cranks. I trust that figure 3, plate 1, will be suflBciently 
intelligible. A is the chain communicating between the bar 
and crank. B is the reciprocating bar, and C is the electro- 
magnet. The break is here omitted to avoid confusion. I 
eflFeet it by means of a small eccentric upon the shaft of the 
fly-wheel. I would observe, in conclusion, that the above 
contrivance is not a mere embryo of the mind ; for I have now 
a working model in actual operation, which 1 invented nearly 
two years ago. It has been at work occasionally for the last 
eighteen months, and, as 1 have made no secret of it, it has 
been seen by a great number of professional gentlemen and 
scientific friends, amongst whom I take the liberty of naming 
a friend and correspondent of yours, Mr. James Mitchell, of 
this place. 

I am. Sir, 

Very respectfully yours, 

Uriah Clarke. 


Leicester, March 16th, 1840. 


VI . — On the new Metal Latanium. By James C. Booth 
AND Campbell Morfit. 

[From the Journal of the Franklin Institute ] 

A notice of the discovery of this element having already 
appeared in one of our Scientific Journals, it occurred to us 
that an account of some of our experiments with it might pre- 
sept a subject of sufficient interest to the readers of the 
Institute Journal. 

The name is derived frem the Greek Xarrayeir, to lie hid ;* 
it is called in Swedish and German, Lantan, but in English 
Latanium, for the sake of euphoby and in accordaifce with the 
generally received termination of the names of the elements. 
The ordinary method of obtaining cerium by precipitation 
with the bisulphate of potassa, threw down a bi-salt of Lata- 
nium at the same time, the latter constituting two-fifths of 
the whole saline mass. The method of separating the two 
depends on the ready solubility of oxide of latanium in dilute 
acid after ignition, a property lost by cerium under the same 
circumstances. From its nitric solution, it may be best 
thrown down as a white, chrystaline carbonate, by carbonate 
of ammonia, and from this its other compounds may be formed. 
The dry chloride heated with pbtassium was reduced to a 
grey metallic powder possessing a dark lead-color, and capa- 


* From it« concealment hitherto in the coinpoundii of cerium. 
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ble of being flattened together by pressing. It is slowly con- 
verted into oxide in the air, and in cold water into a hydrated 
oxide with the evolution of hydrogen. An effervescence takes 
place in hot water. 

It has two isomeric states. The ordinary salts possess a 
faint reddish tinge, but when the yellowish red oxide is heated 
in hydrogen gas, it becomes white with a faint shade of green, 
and dissolves with more difBculty in acids, forming salts which 
possess a greenish hue. 

With bisulphate of potassa it forms a slowly soluble salt, 
which, however, does not precipitate like the corresponding 
salt of cerium, unless the latter be also present in the solu- 
tion. Its atomic weight is lower than that adopted for the 
oxide of cerium. 

The above notice is mainly extracted from Berzelius’ letter 
to Poggendorff, published in Nos. 4 and 5 of Poggend. An- 
nals for the present year. Our experiments were as follows : 

Having prepared the sulphate of cerium and potassa by the 
ordinary methods fy)m,the mineral ceritc, it was dissolved in 
a large quantity of boiling w»ter, and the hydrated oxides of 
cerium and latanium precipitated by caustic potassa. These 
were dissolved in nitjic acid after being thoroughly washed, 
evaporated to dryness, and heated in a platinum crucible until 
all the nitric acid was expelled. Tlie oxides remained of a 
light reddish brown color, and were transferred to a glass con- 
taining nitric acid diluted with 60 to 80 times as much water. 
After digesting about two hours in a gentle warmth, the 
latanium was dissolved and oxide of cerium remaiiipd of, a 
reddish-brown color. The solution treated with caustic po- 
tassa threw down the white hydrated oxide ot latanium, 
much more bulky and gelatinous in appearance than alumina. 
It is exceedingly difficult, if hot impossible, to wash it out 
thoroughly, for after edulcoratiou for several days, the liquid 
passing through the filter still gave indications of a solid mat- 
ter, and almost led to the belief that the oxide was slightly 
soluble in water. 

On re-dissolving hydrated oxide in nitric acid, evaporating 
to dryness, and heating to redness, the dry oxide remained 
of a brick-red color, differing therefore from the oxide of ce- 
rium by a lighter hue, and by containing less of a brownish 
shade. On treating this oxide as before with very dilute 
nitric acid, a small portion of oxide of cerium remained, prov- 
ing that this mode of septh'ating the two metals is not ac- 
curate, and that we must await further experiments for the 
discovery of a more perfect method. 

Carbonate of latanium, as thrown down by carbonate 
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of BodO) is a voluminous white precipitate, and, like the 
hydrated oxide, very difficult o£ edulcoration, for after obtain^ 
ing the chloride from it, crystals of common salt were also 
visible. Agreeably to the observations of Mosander, there- 
fore, the carbonate of ammonia is the best precipitant. 

Sulphate of latanium is readily formed by the solution of 
the oxide, or carbonate, in dilute sulphuric acid, evaporation 
to a small bulk by heat and exposure to self-evaporation, while 
delicate needles of a ilcsh-red color collect in little groups on 
the bottom of the capsule. 

The chloride is similarly formed by means of chloro-hydric 
acid and evaporation. It forms a light yellowish green crys- 
taline mass, ‘in which no determinate form was observed. 

The quantity of latanium in our possession was so small, 
amounting only to a few grains, that the operations were ne- 
cessarily conducted slowly, and prevented our pursuing them 
quantitatively. Should we be enabled to obtain a larger 
amount, w^e may give more interesting results, without, how'- 
ever, trespassing on the field legitimately belonging to the 
discoverer. 


VII . — Remarks on the Imperfect Elasticity of GlassThreads 
used in Torsion Instruments. By W. H, Goode, 
Chemical Assistant in the Laboratory of the University 
of the City of New York. 

[From tbc Journal of the Franklin Institute.] 

Frotn the superior elasticity which glass enjoys over most 
substances, particularly the metals, threads of this material 
have replaced the metallic wires with which .the needles of 
torsion instruments were at first suspended. The late Dr. 
Ritchie employed them in his improved torsion galvanometer, 
which emulates the torsion balance of Coulomb, for accuracy 
in measuring small forces. It is necessary, however, to the 
perfection of torsion instuments, that the elasticity of the 
thread of suspension, though a feeble, should be a constant 
force ; and also that the thread itself should suffer no altera- 
tion of its conditions by the amount of force exerted upon it. 
Perfectly elastic substances only, fulfil these requirements; on 
all imperfectly elastic bodies torsion acts irregularly, and im- 
presses a change upon them which prevents their return to 
their nq;rmal position, after it has been removed ; such, for 
example, is the change effected in the conditions of metaUic 
wires, filaments of silk, hair, &c., which, being imperfectly 
elastic, fail to return to zero when released from torsion. 
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The impression has become.general that threads of glass, 
of a certain degree of tenuity, unlike the substances already 
mentioned, are not permanently affected by force exerted on 
them ; but are capable always of regaining their original po- 
sition ; their elasticity is therefore considered to be perfect, — 
and measures effected with instruments to which they are 
adjusted, rigidly accurate. Having observed that the needle 
of a galvanometer suspended by a glass thread did not return 
to zero, after the instrument had been employed in a series 
of observations, it became a subject of enquiry to ascertain 
the source of error. For this purpose, threads of different 
diameters were suspended, in a manner similar in all respects, 
to that of a torsion balance. Two small uprights were placed 
on opposite sides of the little glass needle, near its opposite 
ends, which served as obstacles to it when torsion was made, 
and prevented it from rotating along with the micrometer. 
On some point of the thread, another little glass needle, car- 
rying an upright arm, was cemented. This arm served as an 
index for the thrcii^, and marked its position on a scale pasted 
on the opposite side of thew jar; it was observed through a 
small hole in a plate of metal, placed ten or fifteen inches 
distant; — an implo^ed method of observing a vertical index 
introduced by Professor Draper. 

The thread being freely suspended, its index and that of 
the micrometer at their respective zeros, a torsion of three 
revolutions of the micrometer was exerted on the thread for 
five minutes ; when released from this force it did not resume 
its position at zero, but varied from it in the direction opposite 
to that in which the torsion had been made. If the micrometer 
be now kept at zero, it will be found that the thread partially 
recoyers itself, after the lapse of several hours ; the amount 
of error i§ consequently diminished, but it never returns ac- 
curately to its original position. If instead of releasing the 
thread by returning the micrometer to zero, the thread be 
released from the obstacles, the same result wdll be obtained ; 
in consequence of the impetus it requires in spinning round, 
this latter is probably the less accurate method of observa- 
tion. 

A variety of experiments Were performed with different 
threads, to ascertain if the alteration of the zero bore any 
constant relation to the amount of torsion employed. If such 
were the case, a system of compensation could be adopted 
which would free instrumilnts fitted with glass threads from 
error. 

The result of the observations made with one thread are 
given, for convenience, in a tabular form ; they are analogous 
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to those obtained with others; and indicate that the amount 
of the alteration of the zero, for the same threads, for different 
degrees of torsion, bears no constant proportion to the amount 
of force employed. 


Table I. 



No. of degrees 
of Torsion. 

Error of 
Zero. 

Dur,a.tion of 
Torsion. 

Thermometer 

1 



5' 

70° 




5' 

70° 

K 



5' 

70° 

E 



5' 

70° 


The thermometer was carefully noted in these experiments, 
lest the t(?mj)erature of the room should vary during tlie pro- 
secution of them ; for it is not known what influence changes 
of temperature may exert on the elasticity of glass. After a 
lapse of twelve hours the thread had itot 'returned to zero : 
another zero being assumed the following table of errors w'as 
obtained ; 


Table II. 



No- of degrees 
of 'Forsion. 

Error. 

Duration of 
Torsion, 

Tberiuometer 

1 


2-" 

5' 

70'-' 

2 


3’ 

5' 

70° 

3 

360 

K 

5' 

70° 

4j 


0° 

3' 

70° 

5 


9’ 

5 ' 

Toi 

61 

1440° 1 

12° 

5' 

70° 


Thp thread was now left freely suspended for two hours ; 
another needle and index were then adjusted to it, parallel 
to the first, but at twice the distance of the first from the 
micrometer : two points of the thread could now be observed 
and the effect of torsion on a double length noted. Up to 
1080 the error of its two indexes was the same in amount ; 
for that degree of torsion, the farther index varied more from 
its zero than the nearer, and , consequently required the 
micrometer to pass through a greater space to restore it to 
that point. For a torsion of 1440^ the error of the more dis^ 
taut index from the micrometer exceeded that of the nearer, 
t^tree degrees. The tabular results are as follows ; 
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No. of (lei^rees 
of Torsion. 

Error. 

Duration of 
Torsion. 

Thermometer 

1 

360° 

3° 

5' 

70° 

2 

720° 

6° 

5' 

70° 

3 

1080° 

6° 

5' 

70’ 

4 

1440^^ 

* 

5' 

70 > 


* upper Index 5®. Lower one 8". 


The result indicated in the last experiment of the preceding 
table, has been observed to take place repeatedly when high 
degrees of torsion have been employed and continued for a 
long period. It is probably due to slight inequalities in the 
diameter of the threads and to their being differently annealed 
in different portions of their length ; force exerted on them 
would, under such circumstances, produce more decided ef- 
fects on some portipna than on others, and the effort made by 
the thread to recover itself would also occasion in different 
parts of it, different degrees of error. 

An inspection of these tables will shew that the whole 
amount of error, for each scries of observations, is decreas- 
ing; in the first it amounted 20 ’, in the second to 12", in 
the third to G It would therefore appear tliat a certain 
amount of torsion could be exerted on the thread for a cer- 
tain period, for which it would afford no error of the zero. 
One thread which has been operated with, exlhytcd this 
effect of force exerted on it, in a very marked manner ; for a 
torsion of two revolutions of the niicTometer, its zero altered 
10", J^ut for four revolutions there was no alteration. It was 
broken in Tnaking another olfservation. 

For degrees of torsion less than that at which this effect 
takes place, the error of the zero will continue to exist ; as it 
is observed, in the two last tables that for one and two revo- 
lutions of the micrometer, the error is nearly constant. 

It has been shewn that a force amounting to one revolution 
of the micrometer exerted for five minutes, produced a per- 
manent deflection of the zero of the thread, two degrees. An 
attempt was made to ascertain the influence of smaller def>^rees 
of force on the thread, exerted for a longer period. A torsion 
of 270 produced, in five minutes, a permanent deviation of the 
zero 1 1"; 180" of torsion in the same period occasioned no error. 
A torsion of 90" continued for half an hour, produced an altera- 
tion of 2 ; for 45" of torsion continued one and a half hours, 
it altered 3". The permanent alteration of the zero of a glass 
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thread appears to be occasioned, either by a large amount of 
force exerted upon it, or by smaller forces acting for a com- 
paratively long period. The amount of this alteration is 
modified by a variety of circumstances ; the diameter of the 
thread — the uniformity with which it cooled in being drawn — 
the amount of force to which it has heen subjected, and its 
duration — combine in producing this effect ; which, influenced 
by so many causes, must necessarily be variable in amount. 

It is not probable that any two threads will afford the same 
numerical value of their respective errors of zero, for the same 
force exerted on them. We cannot be certain that they are 
in precisely the same condition — that they are identical in 
composition, or that they are equally well annealed. Both, 
however, will fail to return to zero after a certain amount of 
torsion has been exerted on them, by a quantity which di- 
minishes for every series of observations ; and which for a cer- 
tain amount of torsion, becomes nothing. 

The effect of this error of the zero on instruments con- 
structed for the purpose of measuring smalj forces by torsion, 
is to cause the deviations of theoieedlc, when the thread is 
newly suspended to be less than they ought to be, and less 
than they ever are afterwards ; in each succeeding observation 
the force acting on the needle has to overcome not only the 
forces which keep it in equilibrio, but that also which deflects 
the thread from its zero ; as this latter increases with the in- 
crease of torsion and with the time it occupies, the last deflec- 
tions of the needle are much less than the first of the same 
series. 

This kind of error will be found in every series of experi- 
ments, though it will vary in amount; but it will still be 
suificient if not corrected for, to vitiate results requiring to 
be obtained accurately. In using torsion instrunfcnts, after 
each observation, the error of the zero ought to be ascer- 
tained and the due correction applied. But where it can be 
done, it is advisable first to ascertain the amount of torsion 
necessary in five minutes to cause an alteration of the zero ; 
and then to ascertain the period of time which that amount of 
torsion intended to be employed requires to produce the same 
effect, and not transcend thesfi limits, by employing a greater 
amount of force on the thread, or using the instrument con- 
tinuously for a longer time than it will afford correct mea- 
sures. 
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VIII . — On the Course of the FAectrical Discharge^ and on 
the Effects of Lightning on certain Ships of the British 
Navy^ Sjp. By W, Snow Harris, Esq. F.R.S. 

In the instance Hast quoted of damage to H.M.S. Rodney 
by lightning, it will be remembered that there was no regular 
metallic line through which the forces in action could become 
neutralized. The electrical agency had therefore to find for 
itself such a general course, as upon the whole opposed the 
least resistance to its progress ; and it is evident that in this 
case its path was determined on the general principles before 
laid down in sec. 17. 

25. I shall now proceed to state a few cases of damage to 
certain other ships of the navy, where metallic bodies hap- 
pened to be so disposed about the rigging and hull, as to 
approximate in some measure to the conditions of experi- 
ment 2, sec. 18,* and consequently to that perfect state of 
defence against the expansive force of the electrical discharge 
in which a ship woifld become placed, by perfecting the con- 
ducting power of the masts, aim uniting them into one general 
continuous system with the metallic masses in the hull, and 
with the sea. 

These cases are particularly interesting, and conclusive of 
the general question of the protection to be afforded by such 
a system. 

No. 1. — In September 1833, H.M. ship Hyacinth had both 
the fore and main-top mabts and top-gallant masts destroyed 
by lightning in the Indian Ocean. The electric fluid ^iverGd 
these masts from the truck to the heel of the topmast, as in- 
dicated by the waving black line a b in fig. 4. pi. I. 
which* represents the effects on the main mast; at the 
point i, it became assisted by the chain topsail sheet leading 
to the deck at c, and so did no further damage to the mast ; 
at d it received further assistance from the copper pipe of 
Hcarle’s patent pump, leading to a small well at c, and thence 
by a second pipe through the ship’s side under w ater, and by 
this passed safely into the sea.t 

2G. Now it is evident here that a heavy discharge of light- 
ning which shivered completely a sloop of war’s main-top mast 
and top-gallant mast varying from 1 1 inches to a foot in dia- 


• Annals of Electricity, &c. Vol. iv. p. 492. 

f These circumstances arc minutely detailed by Capt. Blacltwood, who com- 
manded Uie ship at the lime, and may be seen in his interesting letter on the 
subject, in the Nautical Magazine, vol. viii., p 116. 

Voi,. V — No. 25, July, 1840. F 
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meter through a length of at least 80 feet, was conducted 
without damage or fusion by an iron chain and a short copper 
pipe. It is merefore important to state the dimensions of 
these metallic bodies. Now the iron chain coiisisted of links 
2;^ inches long, made of iron rod ^ inch in diameter. It 
reached from the lower yard to the deck, a distance of about 
50 feet. 

The pump consisted of copper pipe 4 pounds to the square 
foot ; it was 3 inches in diameter, and about the -^’^th of an 
inch thick, extending through a distance of about 10 feet. 

The effects on the foremast were very similar, they are 
omitted therefore for the sake of brevity. 

27. It is not a little remarkable, that five years after this, 
in 1838, this same ship was again struck by lightning, whilst 
at anchor in Penang Pay, and again lost her main-top mast 
and top-gallant mast in a similar way, the lower mast being 
preserved by her chain topsail sheets. 

28. No. 2. — In 1830, the Athol, of 28 guns, was struck by 
lightning on her foremast, in the Bight of Biaifra : at this 
time the topsails were low^ered on the caps and the other sails 
furled, as shewed in fig. 5.“ This ship had chains for 
hoisting the topsails which lay in the direction of the 
topmast as indicated by the dotted line b c. She had 
also a chain for topsail sheets, which led along the lower masts 
as indicated by the line d e. When the electrical explosion 
fell on the truck it shivered the top-gallant mast in pieces so 
far as the commencement of the chain at b ; here being as- 
sisted by the chain, it passed on without any damage to the 
t6pma^, which is extremely worthy of remark, because in 
the former case, where there was no chain, the topmast was 
destroyed. 

Having reached the point c,* w^here the chain, terminated, 
it passed with damage over the head of the mast, until again 
being assisted by the lower chain i/ c, it passed without da- 
mage to the deck ; on reaching the deck at e, it passed by 
means of a bolt through a beam in the forecastle upon the 
chain cable, and thence into the sea.* 

29. These effects are similar to the former, and shew the 
protection afforded by the .chains, and their power of con- 
ducting heavy discharges of lightning without any of the ill 
consequences insisted on by Mr. Sturgeon ; since in both cases 
the chains were in the vicinity of large metallic masses, viz. 
the iron hoops, iron-bound blocks, &c. about the masts, and 

• An intercfiting and authentic account of this circumstance will be found 
in the Nautical Magazine, vol. viii., p. 114. 
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in both cases the lightning passed through the hull. Now as 
all the laws of nature are general, not partial, it is reasonable 
to infer, that if Mr. Sturgeon’s view of a lateral explosion 
M^ere true, it ought to apply in such papable cases as these, 
more especially when he says he can produce a lateral explo- 
sion at 50 feet distance with a jar of only quart of 
capacity.” 

30. No- 3. — The effects of lightning on H.M.S. Snake, is 
another striking instance of the general laws we have been 
contending for. The phenomena arc detailed with peculiar 
clearness by Capt. Milne in the March number of the Nautical 
Magazine. The electric fluid entered main truck, shivered 
royal mast, splintered top-gallant mast ; then over chain main 
topsail tye without damage to within 8 feet of the deck so far 
as the topsail halliards. 

Finding, as observed by Capt. Milne, an obstruction here 
in the ropes, it again seized on the mast, and became divided 
at the saddle of main boom; one portion passed out of quarter- 
deck port to the se^, tlie other to lower deck and down the 
mast, and distributed itself aver the hull, affecting persons 
below. The mast, on being examined at Halifax, was sprung 
about the partners 2 ilichcs deep and 15 inches round, and 
was perfectly hurst asunder at the step : hence the shock had 
extended to the heel, the electric matter, consequently, must 
have passed by the metallic bolts in the keelson to the sea. 

It is further stated, and it is a most important fact^ that a 
seaman aloft on the cross trees^ at the time, did not experience 
any sensation whatever. ^ ^ 

31. No 4, — The Buzzard brigantine was struck by light- 
ning on the Coast of Africa, in February 1838, and lost her 
top-gq^lant and topmast, under precisely the same circum- 
stances as those of the Hyacmth, the lower mast being pre- 
served by the chain topsail sheet’^- 

32. No. 5. — The Fox revenue cutter was struck by light- 
ning in March 1818. The mast was furrowed and otherwise 
damaged in every part except where it was coppered ; as ap- 
pears by a minute made at the time by the master mast-maker 
at the Plymouth dock-yard. 

Now the copper usually placed about a cutter’s mast is not 
the -j^nd part of an inch in thickness. In this case it re- 
mained perfect. 

33. No. 6. — The spire of a church at Kingsbridge in Devon- 


* This case was given me by the commander Lieut, t ox. 1 was myself on 
board the vessel on her arrival. The particulars are noted in her log* 
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shire was struck by lightning in June 1828, and fearfully 
damaged. This case is particularly worthy of notice. 

The lightning fell on an iron spill, a, 6, fig 6, supporting the 
weather-cock, about 7 feet in length and 1 inch in diameter. 
On this it produced no visible eifect, nor did any damage 
arise to the stone-^work about the rod. It was not until the 
rod ceased at the point b that the masonry was rent.* 

34. No. 7. — Extract from a letter from Lieut. Sullivan, of 
H.M.S. Beagle,” addressed to the Editor of the Annals of 
Electricity, &c. &c., relative to the protection afforded by a 
continuous conductor attaclied to the mast of H.M.S. Beagle. 

‘‘ Having considered your communication in the Annals of 
Electricity on marine lightning conductors, containing obser- 
vations on the stroke of lightning which fell on the masts of 
H.M.S. Beagle, I think it fair, both to Mr. Harris and the 
naval service, to describe the phenomena I witnessed on that 
occasion ; first stating, that at the time of my joining the 
Beagle in 1831, previously to her leaving England, I had no 
acquaintance with Mr. Harris, and certainly no bias in favour 
of the conductors with which the ship was fitted. I may 
therefore claim to be considered an impartial observer. 

At the time alluded to, I was first Lieutenant of the 
Beagle, and was attending to the duty on deck. She was at 
anchor off Monte Video, in the Ilio de la Plata, a part of the 
world very often visited by severe lightning storms. Having 
been on board H.M.S. Thetis at Rio Janeiro a few years 
before, when her foremast was entirely destroyed by lightning^ 
my attention was always particularly directed to approaching 
electrical storms, and especially on the occasion alluded to, as 
the storm was unusually severe. The flashes succeeded each 
other in rapid succession, and were gradually approaching ; 
and I was watching aloft for them when the ship was appa- 
rently wrapt in a blaze of fire, accompanied by a simultaneous 
crash, wliich was equal if not superior to the shock I felt in 
the Thetis ; one of the clouds by which we w^ere enveloped 
had evidently burst upon the vessel, and as the mainmast 
appeared for tlic instant to be in a mass of fire, I felt certain 
that the lightning had passed down the conductor on that 
mast ; the vessel was shaken by the shock, and an unusual 
tremulous motion could be distinctly felt. As soon as I had 
recovered from the surprise of the moment, I ran down below 
to state what 1 saw, and to see if the conductors below had 
been affected ; and just as I entefed the gun-room, the purser, 


• MS. letter with a diMwinpr, dated July II, 1828, from tlic Rev. G. F. 
Wise, late Vicar of Kingsbndgc. 
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Mr. Rowlett, ran out of his cabin, (along the beam of which 
a main branch of the conductor passed) and said that he was 
sure that the lightning had passed down the conductor, for at 
the moment of the shock he heard a sound like rushing water 
passing along the beam. Not the slightest ill consequence 
was experienced ; and I cannot refrain from expressing my 
conviction, that had it not been for the conductor the results 
would have been of very serious moment. 

‘‘ This was not the only instance where we consider that 
the vessel had been saved from being damaged by lightning 
by Mr. Harris’s conductors ; and I believe that in saying I 
had the most perfect confidence in the protection which those 
conductors afforded us, I express the opinion of every officer 
and man in the ship. 

“ Not being sufficiently acquainted vdth electrical experi- 
ments, I cannot remark upon those you have adduced in sup- 
port of your opinions detrimental to Mr. Harris’s conductors. 

“ I can, therefore, only repeat my conviction that the Beagle 
was struck by lightning in the usual may, and certainly with- 
out any lateral explosion ox other ill elFccts similar to those 
you insist on in your Annals of Electricity.” 

35. Now these fact^ are totally subversive of all Mr. Stur^ 
geon has advanced concerning his destructive lateral explosion 
in the way of objection to the fixing conductors in ships’ masts, 
and prove in the most conclusive manner the protecting power 
of such conductors : his statement, therefore, that “ destruc- 
tive lateral discharges will always take place when the vicinal 
bodies are capacious and near the primitive conduc^r oj to 
any of its metallic appendages,” is clearly fallacious. 

36. I is allowed by writers on uiductive science, that we 
waiic^er from the true path of philosophical inquiry, and take 
up that of« assumption and Conjecture, directly we cease to 
verify our principles by an appeal to facts. In order to arrive 
at a general law of nature, it is requisite to examine carefully 
a great number of facts bearing directly on the question at 
issue, and shew, that the principle we assume is common to 
them all ; for if in any case the assumed principle is decidedly 
negatived, it is at least a pow^erful exception ; and it may be 
sufficient to overturn our whole*theory. 

If such exceptions are numerous, any theory which cannot 
include them is decidedly untenable. 

It has been well observed by Abercrombie,* that in de- 
ducing a general principle, ^ w^hen the deduction is made from 
a full examination of all the individual cases, and the general 


* On the Intellcclunl Powers. 
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fact shewn to apply to them all, that is truth ; when is it de- 
duced from a small number of observations and extended to 
others to which it does not apply^ this is falsehood.” 

37. In applying these principles, wc find Mr. Sturgeon’s 
assumed lateral explosion decidedly negatived in all the cases 
just cited, since we do not find any such occur in the passage 
of heavy discharges of lightning along the masts, &c.; we do 
not find, as asserted by him, any thing like electrical waves 
produced by the discharge through a conductor situated close 
to the magazine. Thus in the case of the Hyacinth, No. 1. 
the copper pump d e, fig. 1, was a conductor near the after 
magazine. Yet the electric shock, in passing down this and 
through the ship’s side, did not cause “ intense sparks dfnong 
the powder barrels, whose metallic linings and hoops recipro- 
cally interchange them.”* 

38. Again, we do not find in the passage of a dense explo- 
sion of lightning that the sailors are necessarily subjected to 
lateral discharge, since in the case of the Snake, it may be 
observed that a seaman aloft on the ero^s-trees did not ex- 
perience any sensation whatever,, although the top-gallant mast 
was shivered, and a terrific shock darted from the heel of it 
to the chain topsail tye. Now if Mr. ‘Sturgeon’s views were 
practically sound, this man ought to have been killed on the 
spot by a lateral discharge^" as he says happened to a sea- 
man called Wilson in the case of the Rodney. 

39. Mr. Sturgeon, therefore, if he still adheres to his 
theory, is at last reduced to the necessity of supposing, that 
hi^late^l discharge may sometimes occur, and sometimes not, 
which is manifestly in the teeth of his own hypothesis. This 
instance just quoted of the little effect experienced by persons 
in the vicinity of heavy electrical discharges is by no m^ans a 
solitary one, as the following extract from a lettei* from Ad- 
miral Hawker, with which he favoured me relative to the 
damage done to the Mignomne, very fully shew^s ; — 

“ The circumstances of the Mignomne being struck by 
lightning were these : she had been on shore, and was going 
to Port Royal, Jamaica, attended by the Desiree ; we had a 
day I tfaenk the hottest I ever experienced in the West Indies, 
without a cloud. After sunsbt we observed clouds rising up 
from every part of the horizon with thunder and lightning. 
I ordered the topsails to be lowered in case of squalls, and we 
ran down towards Port Royal : about midnight the heavens 
seemed to be one continued flam’e, and soon after the main 
topmast was shattered into probably fifty pieces, scattering 

• Sturgcoii’i Memoir, Annals of Electricity, &c. vol. iv. 
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the splinters in all directions ; the mainmast was split down 
to the keelson, and a sulphurous smell came up from the hold, 
which occasioned some to cry out that the ship was on fire. 
Two men were killed in the main-top, being burnt black, and 
having some splinters sticking in them, and a man who was 
sleeping on the lower deck with his head on a bag (for the 
ship having been on the rocks for three days there were no 
hammocks) near the armourer’s bench was found dead, with 
one black speck in his side ; another man sleeping ly him 
was not hurtr 

40. The number of instances in which dense explosions of 
lightning have passed very near to persons without causing 
any serious injury to them is remarkable. 

Thus in the case of the Buzzard, No. 4, before mentioned ; 
the explosion at the time of shivering the topmast passed so 
near to a seaman called Robert Purk, that it actu^ly tore 
the shirt from his arm : he very kindly shewed me the shirt, 
and pointed out the place where he was standing. Lieut. 
Fox, who commanded^ this vessel, and who was good enough 
to send me an account of the^ damage, &c. sustained, says, in 
allusion to this circumstance, ‘‘ The lightning took ' strip 
out of the shirt about •two inches wide from the shoulder to 
the wrist without hurting him.” 

No. 9. — In the instance of the Hawk cutter, lately struck 
by lightning on the west coast of Erris, snd scarcely damaged, 
it appears that the electric matter in passing down the main 
hatchway passed between a man and a boy. Neither were 
hurt ; the latter experienced a shock only. It also passed close 
to another man lying across a hammock about the same spot, 
who jumped up and thought his ^neckhanderchief was one 
fire; the latter experienced a temporary effect only on his 
right *arm.« • 

41. All these cases evidently show, that no damage occurs 
from a shock of lightning out of its direct path. It may, 
however, divide in the absence of any good conducting course, 
and branch out into a variety of other courses (as already 
observed) and seize either wholly or partially upon bodies 
which happen to lie in certain points, as clearly sho^n in all 
these cases, and in the partial fusion of the leaf-gold given in 
experiment 2,* of my last communication. 

We may also expect to find an expansive effect of greater 
or less force in the vicinity of a discharge of free electricity 
under tlie form of a dense spark, in a bad conducting interval; 
as observed by Dr. Priestley, the air being suddenly dis- 

* Annals of Electricity, &c, vol. iv. p 492. 
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placed gives a concussion to all the bodies which happen to be 
near it.” 

42. It is clear therefore that in all cases where injury or 
deatli lias occiuTod, as in those before given in the Mignomne, 
Rodney, &c., it lias been the result of the passage of the elec- 
tric agency, either wliolly or partially, through the animal 
body, and not from the result of any lateral explosion of elec- 
tricity, such as describ(!d by Mr. Sturgeon. If, as he sap, 
such ex]iU)sions in all cases of proximity to tlic primitive 
charge necessarily arise, such jiroximity to the passage of a 
dense shock of lightning would be in all cases fatal, which is 
(nid('ntly not the case. 

I liave now to consider briefly a ftjw instances of the 
jiower of metallic bodies to transmit heavy discharges of 
lightning. 

In the case above quoted of tlie ITyacintli, we observe, as 
already remarked, that a flash of lightning which shivered the 
top-mast and t(3p-gallant mast passed over a small iron chain 
and copjier tube Mitlioiit fusing either. A similar result en- 
sued in the second instance of the Ilyaciiitli being struck by 
lightning ; also in the case of ihe Athol and Buzzard, and 
Snake, and' in a gi*eat variety of otliers^too numerous to detail 
here. 

In the case of the Fox, No. 5, it is seen that the shock of 
lightning which damaged the mast, was conducted without fu- 
sion or damage by sliec^t copper of ^^id of an inch in thickness 
placed ill the wake of the gaff. This is conclusive of the fal- 
lacy of Mr. Sturgeon’s assertion, that any conductor a})])lied 
to vlie mast >vould, under the operation of lightning, be “ pro- 
bably peeled from the w^ood.” 

In the case of the Kingfebridge spire, No. 0. The lightning 
which shivered the tower, fell on a cylindrical rod of an 
inch diameter without producing any effect on it. 

In the case of the Rodney, the flash w^hich set the top on 
fire and sjdintered the masts, was conducted by a short copper 
funnel for top-galkmt rigging without fusion. , 

. In the case oi’ the Beagle, No. 7, a shock of lightning passed 
dowui the conductors without producing any effect on them. 

No. 16 A luHise was struck; at Tenterdcn; the lightning fell 
on an iron bm* three-quarters of an inch square, but produced 
no effect on 

No. 11. A stroke of lightning fell on Mr. West’s house, at 
Philadelphia, ha^ ing a conductor: terminating in a brass rod 
ten inches long and a quarter of an inch in diameter; only a 


• Philosophical Transactions. 
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few inches of the point were melted, but no damage occurred 
to the building.^ 

No. 12. On the 19th of April, 1827, one of the large New 
York packets, whilst in the Gidf Stream, wrts assailed by two 
most a\iiul strokes of lightning twice in the same day. " The 
first shock was productive of serious and destmetiye ellects. 
The second shock fell on a pointed conductor subsequently 
hoisted to the main-mast head. This conductor consisted of 
an iron chain, having Ihiks of a quarter of an inch thick and 
two feet in length, and tinned into hooks at each end, con- 
nected by rings of the same thickness, and one inch annular 
diarac-ter. This conductor was attached to an iron rod placed 
at the mast head, half an inch thick and four feet long. The 
exjdosion fell in a voucentrated Ibrm, and Aiith an awful crash 
upon this rod. Although the small chain below was disjointed 
and some of the links I’used, yet this j)oii)ted iron rod w'as only 
fused for a lew inches. The ship in the second case escaped 
danger. . 

Now these are outhgiiticatcd cases, and there arc numerous 
others which 1 uiiglit adducc^to shew how j)c'rfbctly 
and coni inn OHS conductors transmit shocks of lightning, 

44. No good instance can be adduced in which conductors of 
great ca])acity have been even nioderatel}' heated by lightning. 

I do not admit Mr. Sturgium’s “ on dit ” respecting the con- 
ductor passing through th<‘. Nelson Monument in Edinburgh. It 
is really no evidence whatever on a scientific ipiestion. It 
is said (observes Mr. Sturgeon) that the lightning rod passing 
through till? Nelson Momiment became so hot by lightning 
that it could not be touched by the band by the Jirst pc}\mi 
who visited it aftciwards. Allowing a feiv minates to have 
elapsed between the flash and the person (‘iitering the monu- 
ment, *lhc probability would Ifb that die conductor had been 
made red-hot.” This is of the same charac ter with all Mr. 
Sturgeon’s data ; it is generally surmise, the shew without the 
reality ; it just amounts to nothing. 

45. I am aware that it has been also snjtposed that the great 
conductors of St. Paul’s church were heated by lightning, but 
it is only a supposition. The conductors w'^ere not examined 
before the lightning, which was •said to have fallen bn them, 
occurred, so that we cannot be certain that die observed ap- 
pearances were not originally present after the forging of them ; 
it is, besides, very unlikely that a stroke of lightning should 
have fallen on this building, xjapable of rendering bars of iron, 
six inches wide and one inch and a half thick, red-hot, widiout 


• Philosophical Transactinns. 
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destroying the thin copper covering the ball and cross on the 
dome '^of the building, and witlioiit the crash of the thunder 
having been heard over the whole city, no mention of which is 
made ; when St. Bride’s steeple was struck, the latter was pe- 
culiarly remarkable. 

46. There is another instance on record of the effects of 
lightning on an iron rod, in Port Royal, Jamaica, mentioned in 
the transactions of the Royal Society, the evidence of which 
seems very incomplete. Two men are said to have perished 
by lightning near the church wall : that is not improbable ; 
but, on subsequently looking inside the wall, a bar of iron, an 
inch thick, and a foot in length, was found in many places 
wasted away to the size of a line wire. Now it does not appear 
that this bar was examined previously to the occurrence of the 
liglitning ; hence we cannot infer that the wasting was pro- 
duced hy the electric fluid; more especially as similar ap- 
pearances arc not uncommon in bars of iron erected in church- 
yards in this countiy, and which have evidently resulted from 
oxidation and time. 

47. Seeing then how much evidence we have from actual 
experience of the protective effect of regular conductors of the 
worst kind, and their power of transmitting dense explosions 
of lightning, we may reasonably infer that a conductor of cop- 
per, equal to a rod of an incli diameter, and extending the 
whole length of the mast, would be proof against any dis- 
charge of lightning ever experienced, as, I think, is shewn by 
the cases in which shii)s fitted with ray conductors have been 
stnick by shocks of lightning without damage. 

48. Exceptions, however, have been taken by Mr. Sturgeon 
to the phcnoiiiena dcscribjed by the officers who either com- 
manded or were in the ships. Thus Captain Turner, in de- 
scribing the shock oflightning tvhich fell on the Dryad frigate 
on the coast of Africa, says, that “ he saw the lightning on the 
conductor on the fore-mast, and saw it during another flash 
run do\ni the mizen-inast ; that all the men there heard a loud 
whizzing noise.” Captain Fitzroy and Lieut. Sullivan also 
mention similar phenomena. Now the exceptions taken are 
these, viup., that no noise is ever produced by electricity entering 
a conductor, and that wc cannot produce a “running light” 
upon a conductor carrying an electrical charge. 

These exceptions, however, are rather captious objections to 
forms of expression, than to the facts themselves ; it is easy to 
shew froih experience that luminous appearances are often at- 
tendant on discharges of botli natural and artificial electricity. 

Thus in the case of the Hawk, No. 9, the account states 
that “ the vessel was apparently enveloped in a flame of light- 
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ning whilst, in the case of the Beagle, Lieut. Sullivan says, 
“ on looking aloft, the ship was apparently in a blaze of fire.” 
In the case of the Snake, No. 3, the electric fluid is said to 
have descended with an instantaneous explosion of a vivid 
purple color. 

When H.M.S. Norge was struck by lightning in Port Royal 
harbour, the electric fluid was observed (to use Admiral Rodd’s 
expression) to absolutely stream down a conductor attached 
to the mast of H.M.S. Warrior,” close by. 

Such phenomena arei)esides remarkably close to the results 
of experiments : thus a heavy shock of electricity, passed over 
a metallic wire, in a ])artially exhausted receiver, will exhibit 
a transiently passing light on its surface. 

49. The whizzing noise is quite in accordance with com- 

mon electrical effects. It invariably occurs when a good 
conductor receives and disarms an explosion by a pointed 
extremity. Mr. Sturgeon, however, asserts that “no such 
noise is ever produced by the Jluid entering a metallic con- 
ductor.” This is irter^ sophistry ; let any one attempt to dis- 
charge a highly charged Battery by ai» acutely ])ointed 
conductor. A great p^rt of the charge will immediately rush 
through or towards the point with a whizzing noise. Now 
the stratum of cloud may be either positively or negatively 
electrified, and whether the one or the other, it is clear that 
the rush of electricity from a charged surface toward a point, 
or from a point towards an undercharged surface (according 
to Franklin’s hypothesis) will be alw^ays attended by a wdiizzing 
noise. • • 

50. The protection which continuous conductors would 
afford if well and efficiently applied to ships is, I think ap- 
parent in all the preceding teases, and when we consider that 
the masts are themselves conductors of electricity, and that by 
their position alone they determine the course of the discharge 
into the body of the hull, it becomes the more requisite to affix 
to them good conductors, which quickly disperse and reduce 
the electrical action to a state of quiescence. 

We have I think fair evidence of this in the trials hitherto 
made with the continuous fixed, conductors applied to certain 
ships of the British Navy. 

51. These ships have been exposed more or less in all points 
of the world. Lightning has not fallen upon them oftener 
than other vessels not so fitted ; and and when it has done so no 
damage has arisen in any way, or has any destructive lateral 
effect, such as that contended for by Mr. Sturgeon, taken place. 
His comparison, therefore, of the effects of lightning on the 
Rodney with the probable effects” (as he terms it) on my 
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conductors, although he can find no instance of such probable 
effects, is therefore purely hypothetical. If Mr. Sturgeon has 
no good authenticated fact to oppose to the mass of evidence 
I have adduced, of what avail is any hypothetical or loose 
opinion he may find it convenient to advance ? 

52. Before concluding this communication, I cannot refrain 
from pointing out the apparent inconsistencies of his views on 
this point. Ilaving described my conductors as dangerous 
and objectionable in every possible way, as calculated to in- 
duce oblique flashes of lightning to strike the ship to the 
destniction of the sailors’ lives, the sails, rigging, &c. &c., he 
«ays, sec. 221, on discovering that he could not conveniently 
apply his oum rods above the toji-inast head, “ as however 
every chance of dan yer to the men and every species of damage 
to the vessel ought strictly to be avoided, it still aiipcars de- 
sirable to furnish the top-gallant rigging with conductors; and 
perhaps those which would give the least trouble to the men, 
would be strips of copper let into grooves of the masts accord- 
ing to the plan proposed by Mr, Harris.^^ Now, I think, it 
must be clear to ^y one, that if my system be so objectionable 
as he would have it believed, on the gjrounds above stated, it 
must be equally objectionable on the *top-gallant masts ; tlie 
lives of the sailors are just as much exj^osed there as at any 
other point, perhaps more so. Mr. Sturgeon himself admits 
that two men were killed there in the case of the Rodney. 
But by his admission above quoted, my method is not objec- 
tionable in the to])-gallant mast, but is on the contrary calcu- 
lated tcvivoid “ every species of damage to the vessel and every 
chance of danger to the men if so, it must be equally efficient 
on the top-mast, lower msbst, &c. This sort of traverse sailing, 
to use a nautical phrase, is not a Jjttle amusing, and is, 1 btlieve, 
quite unprecedented in any paper on science. “ 

53. In order that no mistake may arise in respect of what I 
have advanced relating to lateral explosions, I may in conclu- 
sion sim})!}' slate, tliat I do not deny the expansive force of 
a dense electrical explosion, and its destructive effect on im- 
perfect and non-conductors, I do not deny its effect in causing 
expansion in the surrounding air, which I rather choose to call 
with Priesth'v, the lateral force of electrical explosions,” 
than a lateral explosion of electricity, I do not deny this in the 
absence oi‘ any regular system of conductors, or that the dis- 
charge may divide in several directions, and in distributing it- 
self over the hull, may cause dense spaiks and other electrical 
appearances in various parts of the vessel, but which would 
not appear, if a perfect system of con4^iction, such as 1 have 
proposed, were resorted to. 
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I do, however, deny the probability of any lateral discharge 
of electric matter from conducting bodies transmitting an ac- 
cumulation between oppositely charged surfaces, as assumed 
by several persons imperfectly acquainted with ordinar}- elec- 
trical action, and lately by Mr. Sturgeon ; and, I maintain, 
that neither artificially, nor in the course of nature, can any 
instance of such lateral exidosion be authenticated, 

I am, &c. 

W. Snow Harris. 

Plymouth, March 14, 18 tO. 

P.S. It has been insisted on by Mr. Sturgeon, that a shock 
of lightning, descending a continuous conductor on the mast, 
would magnetize every clironometer in the cabin, &c. — (Me- 
moir, Sect. 207.) 

This assumption is completely negatived by the cases above 
quoted. In lig. 4, an awful discharge descended an iron chain, 
and yet no magnetic cflect was observable on the neighbouring 
compasses, or on the chronometer in the cabin. It is only in the 
ahfience of continucflis conductors we find such magnetic efleets, 
and even then their occuiTeifcc is com] arativcly rare. Really, 
Mr. Sturgeon maktis gp many random assertions, it is almost 
impossible to attend to them all. 


IX. — Mr, Sturgeon’s Frflh Letter to W. Snow Harris, Esq. 
F.ll.S. on Marine Lightning Conductors. 


Sir, . • 

When I had finished my last letter to you,* I made up my 
mind to decline any further notice* of your impotent produc- 
tions in defence of that extraordinary, unnecessarily expensive, 
and certEtlnly the most unscientific and dangerous plan of 
marine lightning conductors, that could possibly have been 
thought of by any one claiming the character of an electrician. 
But finding, in the preceding article, a few descriptions of the 
eflFects of lightning on shipping, which, if correct, can hardly 
fail to be interesting to the electrician, I have not hesitated to 
give them a place in these Annals ; and as you have laid con- 
siderable stress on these events, as sure indications of the in- 
fallibility of your electrical philosophy and lightning conduc- 
tors, I have again ventured a few remarks, not with any hope 
of convincing you of your^errors, or rather of your acknow- 
ledging them, but to shew* you that a very different explana- 
tion to that which you have attempted, would look quite a9 


* Annals of Electricity, &c., rol. ir. p, 496—500. 
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plausible-to account for some of the effects produced by light- 
ning on those vessels; and in order to facilitate the compari- 
son, I will, as on former occasions, follow the nmnerical order 
of your own paragraphs. 

I think that I may very justly remark, as an introductory 
proposition, not difficult of demonstration, that, if there he no 
motive beyond the propagation of truths one of the causes of 
your committing so many errors in calculating on the effects 
of lightning, is simply by your imagining that all dischargee 
of lightning are alike powerful. 

In paragraph 26, you have, no doubt, given a very exact 
account of the dimensions of the chain topsail-sheet, and of 
the copper pipe of Hearle’s pump. Then, because each link 
of the former consisted of two sides, it was virtually composed 
of two iron rods, each of which w as half an inch diameter from 
one end to the other ; and as the latter was three inches in 
diameter,” the copper sheet of which it was made was uni- 
formly nine inches broad. Hence the topsail-sheet and 
Hearle’s pump were no mean conductoi^, even compared with 
your own ; for the copper pipe df the pump was nearly of the 
same transverse dimensions as the meaii of yours on the lower 
masts ; of much greater transverse dimensions than yours on 
the top-masts ; twdce the transverse dimensions of yours on 
the top-gallant masts ; and more than twice the transverse 
dimensions of your royal conductors. Moreover, since ‘‘ the 
effects on the ibre-mast were very similar” to those produced 
on the main-mast, we are led to believe that each mast re- 
ceived only one half of the main stroke. And again, by con- 
sidering also, that each mast alone would carry some portion 
of the lightning to the sea, ithen, taking all these circumstances 
into account, and also the probability of this flash being»very 
far from the most formidable that occurs, I cannot see that 
this case is any proof either of the efficiency or inefficiency of 
your conductors, nor can I see what advantage you could 
think of gaining in defence of them, by bringing such a circum- 
stance forward, in which the conductors which were not injured 
were, in some parts of the circuit, more than four times the 
dimensions of yours. 

Paragraph 28 may possibly te a veiy correct account of the 
effects of a flash of lightning on the Athol ; and so far as de- 
scription is concerned, it is an interesting paragraph. ^ B Jt I 
do not agree to what you say ip paragraph 29, viz., that 

these effects are similar to the former, and shew the protec- 
tion afforded by the chains, and their power of conducting 
heavy discharges of lightning because, if I did, I should 
have to acknowledge that all heavy discharges of lightning” 
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were of precisely the same power ; which would be. the very 
opposite to the views which I take of these operations of na- 
ture ; and, what would be worse still, if possible, I should 
have to acknowledge that half a flash of lightning ought to 
produce precisely the same effect as the whole flash would do. 
This, as 1 first observed, is one of the rocks on which you so 
frequently founder. 

The eljfects of lightning on H.M.S. Snake, as described in 
paragraph 30, are also very curious and interesting ; more 
especially if Captain Milne’s account of the route of the elec- 
tric fluid be correct. Perhaps you can explain why the elec- 
tric fluid jumped from ‘‘ within eight feet of the deck ” to “ the 
saddle of the main boom and by what route, from “ the 
saddle of the main boom one portion passed out of the quarter- 
deck port to the sea.” 

Paragraph 31 is an obvious indication of the limited views 
which you have of lightning, and of the correctness of my first 
remark in this letter, viz., that you consider all flashes of light- 
ning to be of the ^ar»e power ; and that the power of half a 
flash is equal to that of the whole flash. This inference, you 
will find, is clear enough, when you compare the description 
of the two events alludfed to, in this paragraph, in which you 
say the Buzzard “ lost her top-gallant and top-mast, under 
precisely the same circumstances as those of the Hyacinth 
for it is obvious that the Hyacinth’s main-mast was struck by 
only half of the original flash ; whereas the mast of the Buz- 
zard was struck by the whole flash. 

The only inference which, in a philosophical poin^f vjpw, 
can be drawn from your 32d paragraph, is that the lox reve- 
nue cutter w'as struck by a comparatively feeble stroke of 
lightning ; although, from the manner in which you appear to 
apply the oase, that paragraph becomes demonstrative of your 
belief that all flashes of lightning are of precisely the same 
power. 

You seem to be very desirous to shew your readers, that 
‘‘ the copper usually placed about a cutter’s mast is not the 
-/^ud part of an inch in thickness;” and that in this case it 
remained perfect.” Now it strikes me that some of your readers 
will ask, why you did not give*them the other dimensions of 
the copper ? A candid, scientific reasoner would not have 
left them in doubt on a point of such essential importance in 
varying the effects of a flash of lightning on the metal. Even 
you own tinsel experiments l[figs. 4, 5, and 6, plate x., vol. iv.) 
must have taught you that a broad strip of gold leaf may re- 
main perfect, though it be traversed by an electric discharge 
which would destroy a narrow strip of the same thickness- ; 
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and that a still more powerful discharge might have destroyed 
both of them. Whether or not there be a fatality attending 
your philosophy, over which you have no control, is not for 
me to determine ; but there seems something curious enough 
in placing the power of a flash of lightning, which just “ fur- 
rowed” the mast of the Fox cutter, on a par with the power 
of that flash which produced such tremendous havoc on 
board the Rodney, or with that which destroyed “ both the 
fore and mmn-top masts and top-gallant masts ” of the Hya- 
cinthll! 

With respect to the efiects of lightning on the spire of a 
church at Kingsbridge,” as described in paragraph 33, I can 
have no doubt of your having a very correct account from the 
Rev. G. F. Wyse; and I have only to request the same fa- 
vour on your part, whilst you read an account of another flash 
of lightning, the effects of which were also described by a 
reverend gentleman. h 

On the 28th of April last, the bishop of Nova Scotia, in com- 
pany witli the Rev, Mr. Cardwell, called ^at this Institution, 
and entered into a conversation jvith me on the subject of at- 
mospheric electricity. The bishop, who is well acquainted with 
electricity, described several curious effects of lightning which 
had come under his own observation. On one occasion, where 
lightning had struck a conductor whjeh was fastened close to 
the wall of a building, a portion of the brick-work behind the 
conductor was crushed to powder, and a deep furrow, parallel 
to the conductor, was made in the wall from top to bottom. 

At another time, the bishop saw a flash of lightning ascend 
from the earth to the clouds, lifting up,, in its passage, a great 
quantity of the soil and ot;|ier earthy matter from the surface 
of the ground to a great height. 

These two remarkable circumstances being described ty an 
eye-witness of such high authority as the bishop of Nova 
Scotia, may justly be regarded as exceedingly interesting 
events in the history of atmospheric electiicity. The furrow 
being made in the wall behind the conductor, is an excellent 
contrast to the effects of lightning on the spire of the church 
at Kingsbridge, and shews that, although the iron rod was 
sufficient to conduct a flash of lightning of a certain force with 
safety; yet, the lateral forces of a still more powerful flash 
might possibly not only furrow, but totally destroy the spire 
to which it is attached. 

Your 34th paragraph is merelya copy of Lieut. Sullivan’s 
letter already printed in these Annals,* and, therefore, I 
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can. have nothing to remark upon it in this place, excepting 
that I may be permitted to say, that it is an exceedingly in- 
teresting description of the appearances on board the Beagle 
at the time she was supposed to be struck by lightning, and, 
unquestionably, is the best description of those appearances 
that has hitherto been given ; and so very different to that 
given by Captain Fitz-Roy,t that they scarcely appear to re- 
late to the same event. I do not see, however, that even 
Lieut. Sullivan’s description can be considered to be “ to- 
tally subversive of all ” that I have “ advanced concerning 
destructive lateral explosions.” That officer candidly acknow- 
ledges that he is not sufficiently acquainted wdth electrical ex- 
periments to offer any remarks on those which I liave adduced. 
Now, sir, had you also acknowledged that you were not suffi- 
ciently acquainted wdth atmospheric electricity to offer any 
remarks on those phenomena which 1 have described in my 
fourth memoir, I should have considered that you also were 
enjoying the same honourable feelings. 

’llie jihilosophy ])aragraph 30 is excccMlingly good ; and 
Abercrombie's doctrine is perfectly applicabh^ in the present 
instance ; for if your ideas of atmospheric eh'ctricity had been 
formed from a suflicient*numbcr of facts collected from your 
own observations, they would have been miudi more compre- 
hensive than at present ; l^ut from a want of that ex])erience 
so essential to the formation of a sound judgment of all the 
variety of atmospheric electrical operations, and, to distinguish 
one class of them from another, your views of this branch of 
the science are necessarily very limited ; and, having confessed 
that you have no acquaiutance whatever with atmospheric elec- 
trical waves, it is not to be expcctcc^ that you can hin c any 
knowledge of the splendid phenomena which they produce on 
high elevated conductors, ll^nce it is that you have fallen 
into cnor by sujiposing that the Dryad and Beagle were struck 
by lightning ; though to a person well experienced in electrical 
kite experiments, it becomes obvious enough that the lightning 
never struck either vessel in the cases alluded to. And a piu- 
son only moderately acquainted with electro-magnetism would 
know well that the vrimiiire discharge never traversed the 
Beagle’s main-mast conductor on*that occasion. 

Whilst writing my fourth memoir, I was particularly cai-eful 
in advancing no experimental facts but those with which I was 
quite familiar : hence it was that T described no other electric 
kite experiments than those •! hud myself made, nor any of 
those splendid phenomena witnessed by other experiinentors, 
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whilst exploring the atmosphere in a similar manner : faopingi 
from thfe confidence 1 then placed in your candor, diat your 
desire to promote truth would have induced you to allude to 
them yourself ; especially those phenomena seen by M. de 
llomas at his Irite-string. Those phenomena were of a similar 
character to some of those which I have described,* and were 
obtained under similar circumstances ; and had you brought 
them forward in your papers, as I expected you would 
have done, they would have g^ven a fair opportunity to your 
readers to form a just comparison between them and the phe- 
nomena seen on board the Beagle and the Dryad.t 

Your reasoning in paragraph 37 is ciuious enough, implying 
that, because the Hyacinth was not blown up^ there could be 
no lateral sparksj ! ! 

Paragraph 38 is a twin-sister to its predecessor, and implies 
that, because the man in the cross-trees was not killed, there 
could be no lateral discharge ! ! Why ought the man to have 
been killed ? That he had a very narrow escape, no one will 
deny, when the circumstances are properly understood. “ Tlie 
top-gallant mast was shivered, and a terrific shock darted from 
the heel of it to the chain topsail tye/’ Now this terrific 
shock ” was one of those cases in wliich that kind of lateral 
force is produced wliich Priestly calls the lateral explosion y 
and which you have been forced to acknowledge in paragraph 
53. When you were writing that ^confessional paragraph, in 
which you say, I do not deny the expansive force of a dense 
electrical explosion, and its destructive effects on imperfect, 
and non-conductors,^^ I suppose you had forgotten the “ sea- 
mftn aloft on the cross-trees,” close to the “ terrific shock f or 
dense electrical explosion ! 

With respect to Wilsoif, w^ho was killed in the Rodney, since 
there were no marks to be found either on his Jbody*or his 
clothes, it is fair to infer that he suflered from the lateral forces, 
and not by the primitive discharge which killed his shipmate. 

In paragraph 39, you again attempt to lead your readers 
astray by telling them that, by my theory, as you are pleased 
to call it, a lateral discharge may sometimes occur, and 
sometimes not.” If, instead of insulting your readers by thus 
attempting to impose upon, their credulity, you had referred 
them to paragraph 203 of my fourth memoir, page 176, vol. iv. 
of these Annals, the only inference which they would have 
drawn would have been the following : — As the extent of 
electro-riisplacement, in vicinal bodies, depends upon the mag- 


* See toy Fourth Memoir. 

M. de Romu’i experiments are described in the -appendix to this letter. 
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nitude and intensity of the primitive discharge or main stroket' 
and as those conditions may probably vary with almost every 
flash of lightning, some flashes may be of such feeble powers 
as to produce no very formidable lateral effects; although 
others may be sufficiently powerful to exert lateral forces pro- 
ductive of the most serious consequences.” 

Admiral Hawker’s account of the effects of lightning in the 
Mignomne, is very interesting. As ‘Hhe main-mast was 
split down to the keelson,” there can be no question about the 
principal charge being transmitted in that direction ; and, 
consequently, the man who was killed “ near the armourer’s 
bench,” suffered either by the lateral force of the main stroke, 
or by so small a portion of the latter, as to produce no serious 
lateral effects on his shipmate who was sleeping beside 
him.” Moreover, the two men who were killed in the main- 
top, “ being burnt black,” shews pretty clearly that they suf- 
fered from a very superior force to that which killed the man 
below, whose external injuries were only “ one black speck in 
his side.” The main tpp-mast being shattered to pieces, and 
the splinters being scattered “*in all directions,” is another in- 
stance of the formidableness of lateral explosions. 

I am much obliged to Robert Purk for shewing you his 
shirt ; for as the man was not injured, it 'is pretty clear that 
neither he nor his shirt wqre struck by the lightning ; and that 
it was the lateral force which “ took a strip out of his shirt 
about two inches wide from the shoulder to the wrist without 
hurting him.” The most probable immediate cause of the 
shirt being torn, was a sudden distention of the air within the 
sleeve. See paragraph 40. * 

The cases which occurred in the^ Hawke cutter were ob- 
viously the effects of lateral electric forces. The “ boy experi- 
enced a shock only,” not being hit by the lightning. Neither 
did the lightning strike^ but only passed close to another 
man,” who only experienced a temporary effect in his left arm.” 
1 am not certain that you could have produced better data 
than these to prove the injurious effects of lateral explosions. 

Your mode of accommodating your philosophy to facts is tnily 
curious and ingenious, and as nearly opposite to that exercised 
by profound reasoners as any one could be led to expect. In 
paragraph 41, you say “ that no damage occurs from a shock 
of lightning out of its direct paihr This beautiful philo- 
sophical inference is a master-piece of its kind, emanating, as 
it obviously does, from the fact which you described the mo- 
ment before, in which you say, tliat the electric matter, in 
passing down the main hatchway, passed between a man arid a 
boy and that these persons, who were “ out of the direct 
path ” of the lightning, were both affected by it. 
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From the above specimen of your philosophy I pass on to 
your case No. 12, in wliich I am glad to find that you view the 
eflects of lightning on the New York packet more seriously 
than in paragraph 7.* The best account of the damage done 
in this vessel is that given by Mr. Rich.t The sjiindle was 
fused for several indies of its length, and the chain conduc- 
tor was literally tom to pieces and scattered to the winds.” 

With respect to the Nelson Monument at Edinburgh, I 
have nothing to add to the fact which I have previously stated; 
excepting that I may here remark, that your attempt to place 
that fact or any other which bears on this important topic, in 
the back^ground, indicates a desire to evade those cases which 
ought to be particularly attended to. It is extreme cases of 
the effects of lightning that ought to be guarded against ; and 
if those cases be not provided for, with regard both to the di- 
mensions and position of the metal, no conductor can give the 
necessary protection. 

Your obvious intentional attempt, in paragraph 48, to per- 
vert the meaning of some of those ppints on which I have 
touched in my fourth memoir, fends to excite a strong suspi- 
cion that the whole of your perversions have emanated from 
some unaccountable motive^ of a very different nature to that 
which would have been expected from a person of your pre- 
tensions. How dared you attempt to make it appear that I 
have said that we cannot produce a running light upon a 
conductor carrying an electric discharge ” ? How dared you 
venture to palm upon your readers such a palpable barefaced 
untruth ? My language on this topic is the following : — “ We 
ca{Tnot*f)roduce any thing like a running light when the con- 
ductors are sufficiently good and capacious to conceal the 
motion of the fluid ; though such a phenomenon may easily be 
produced by the employment of inferior conductois.J * 

With respect to the appearances on board the Dryad and 
Beagle, I have already expressed iny opinion pretty clearly ; 
and 1 have not met with any statement of the facts which has 
tjie least tendency to alter that opinion. 

That the Hawk cutter should appear as if enveloped in a 
flame of lightjiing,” from the luminous eflects of the flash which 
stnick her, appears probable enough, although it is certain that 
nothing of the kind occurred; for ‘^the electric matter in 
passing down the main hatchway, passed between a man and 
a boy,” and therefore could not envelope the vessel. Tlie 
flash, prior to its striking an object, produces the greatest lur 

• Annals of Electricity, vol. iv. p. 487. f Ibid. p. 372. 
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minous effects ; and lightning passing near to either a ship or 
a house would produce similar luminous effects to those which 
appeared to the people on board the Hawk and the Beagle. 

l’)r. Franklin’s opinion on tliesc luminous effects of lightning 
will be seen in the Appendix to this letter. 

Another instance of those mean attempts to penort the 
meaning of certain topics of my fourth memoir appears in 
paragraph 52, in which you take to yourself a great deal of 
credit, by conveying to your readers as profound a falsehood 
as ever proceeded from man : stating, as you do, that 1 have 
admitted that your method of protecting the masts of ships is 
not objectionable. This paltiy manoeuvre strengthens my 
former suspicions, and gives a very sable coloring to the 
motives from which emanate such unjust aspersions. If you 
had regarded truth, and the just interests of science, whilst 
quoting my remarks on conductors for top-gallant masts, you 
would have directed your readers to ])aragraphs 221 and 222 
of my fourth memoir,^ in which I have stated, that, instead 
of only one strip (of cpi)pcr) to each mast, I should propose 
three in each, at equal distaiicee from each other ; w^hicli, by 
having an exposure of metal on every side, would be a greater 
security to the mast than by having one strij) only. And that 
four cylindrical co])p(ir ro(ls, or four flexible metallic ropes, 
stretched from the cross-trees to the truck, parallel to the top- 
gallant shrouds, would afford a much better protection to the 
top-gallant rigging than conductors let into the masts.” 

It is not for me to judge of the opinions which other readers 
fonn of yom: ])hiloso])hy, but to me you seem to have been led 
into the most extraordinary inaccuracies in many parts of your 
defence of your lightning conductors ; and, perhaps, in none 
more so, than in the postscript to the preceding paper, in 
whicB yoi^ appear to be dcfluinined, either to mislead your 
readers, or, to shew your almost entire ignorance of electro- 
magnetic action. Permit me to ask you a few questions on 
this subject. Do you wish me to understand, that you, a Fel- 
low of tlic Royal Society, ai'e totally ignorant of Sir Humphrey 
Davy’s experiments, by which that philosojjher first mag- 
netized steel needles by transmitting electric discharges from 
a battery of jars, through a vicinal conducting wire ? Do you 
wish me to miderstand that you, a Fellow of the Royal Society, 
with the pretensions of an electro-magnetist, never repeated 
lliose beautiful experiments } Do you wdsh me to understand 
that you, a Fellow of the Royal Society, who, as an inventor of 
a marine lightning conductor ought to be a profoimd elec- 
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trician and electro-magnetist, that you who are pretending to 
protect the BritishrNavy and our brave tars from the efiects of 
lightning, — ^that you, on whose judgment such mighty interests 
are to be at stahe, — are entirely ignorant of the laws of electro- 
magnetism ? If you are not entirely ignorant of the magnetic 
action of electric currents traversing good conductors, how 
dared you venture to say, that “ it is only in the absence of 
continuous conductors we find such magnetic effects ?” If you 
are not entirely igiiorant of such magnetic action, how dared 
you venture to stain the pages of British science, to insult the 
dignity of the Royal Society, and, above all, to deceive the 
Lords Commissioners of the Admiralty, and the whole British 
Navy, by propagating such a palpable falehood ? Will you 
acknowledge tihat you are ignorant of the magnectic action 
of lightning whilst traversing good conductors ; or will you 
have to submit to the degrading position of having wilfully 
concealed that most important fact, to guard against which is 
one of the most essentid considerations in the erection of ma- 
rine lightnirfg conductors ? , ^ 

I have paid considerable attention to* the statements of 
professors Farracly and Wheatstone in the “ Report of the 
Committee appointed by the Admiraky’’^;’’ but 1 have not 
been able to discover any facts, in those statements, which 
have the least tendency to alter my^opinion of your plan of 
conductors, and certainly none whatever tending to invalidate 
any part of my fourth memoir. By quoting M. Dc Romas’s 
kite experiments, professor Wheatstone has shewn, pretty 
clearly, that electrical discharges such as appeared on the 
contiuetbrs of the Dryad and the Beagle, are no sure indica- 
tions of those vessels bein^ struck by lightning ; for, as will 
be seen in the appendix to this letter, no lightning was pre- 
sent at the time that the French philosopher was ftonducting 
his kite experiments, in which he saw “sheets of fire 9 or 10 
feet long and an inch broad, which made as much or more 
noise than the reports of a pistol.” Perhaps the most re- 
markable feature in the Report of the Committee, is the 
total absence of any consideration respecting the magnetic 
action which lightning would produce on chronometers, Com- 
paq needles, &c. whilst traversing vicinal conductors ; the con- 
sequences of which, in misleading the mariner, might be more 
fatal than those from the direct action of the lightning itself. 

1 remain. Sir, yours &c, 

• W. Sturgeon. 

Victoria Gallery, of Practical Science, Manchester, 

June 22nd, 1840. 

* Page 1 of this volume. 
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Appendix to Mr. Sturgeon’s Letter. 

Amongst Dr. Franklin’s remarks on Mr. William Maine’s 
Account of the effects of lightning on liis Lightning Rod, we 
find the following ; 

It is said that the house was filled with its Jlash, Ex- 
pressions like this are common in accounts of the effects of 
lightning, from which we are apt to understand that the light- 
ning filled the house. Our language indeed seems to want a 
word to express the light of lightning as distinct from the 
lightning itself. When a tree on a hUl is struck by it, the 
lightning of that stroke exists only in a narrow vein between 
the cloud and tree, but its light fills a vast space many miles 
round ; and people at the greatest distance from it are apt to 
say, the lightning came into our rooms through our windows.” 
As it is in itself extremely bright, it cannot, when so near as 
to strike a house, fail illuminating highly every room in it 
through the windows ; and this I suppose to have been the case 
at Mr. Maine’s ; and tliat, except in and near the hearth, from 
the causes above-mentioned, it was not in any other part of 
the house ; the flash meaning no more than the light of the 
lightning. — It is for want of considering this difference, that 
people suppose there is a kind of lightning not attended with 
thunder. In fact there probably a loud explosion accom- 
panying every flash of lightning, and at the same instant ; — 
but as sound travels slower than light, we often hear the sound 
some seconds of time after having seen the light; and as 
sound does not travel so far as light, we sometimes see fhe light 
at a distance too great to hear the sound.” — Franklin's Letters. 


m ^ 

• M. De Romas’s Kile Experiment, 

*‘The greatest quantity of electricity that was ever brought 
from the clouds, by any apparatus prepared for that purpose 
was by M. De Romas, assessor to the presideal of Nerac. 
This gentleman was the first who made use of a wire inter- 
woven in the hempen cord of an electrical kite, which he 
made seven feet and a half higb^ and three feet wide, so as to 
have eighteen square feet of surface. This corckwas found to 
conduct the electricity of the clouds more powerfully than an 
hempen cord would do, even though it was wetted ; and, being 
terminated by a cord of dry silk, it enabled the observer (by 
a proper management of his apparatus) to make whatever ex- 
periments he thought proper, without danger to himself. 

“ By the help of this kite, on the 7th of June, 1753, about 
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one in the afternoon, when it was raised 550 feet from the 
ground, and had taken 780 feet of string, making an angle of 
near forty-five degrees with the horizon ; he drew sparks from 
his conductor three inches long and a quarter of an inch 
thick, the snapping of which was heard about 200 paces. 
Whilst he was taking these sparks, he felt, as it were, a 
cobweb on his face, though he was above three feet from the 
string of the kite; after which he did not think it safe to 
stand so near, and called aloud to all the company to retire, 
as he did himself about two feet. 

. “ Thinking himself now secure enough, and not being incom- 
moded by any body very near him, he took notice of what passed 
among the clouds which were immediately over the kite ; but 
could perceive no lightning either there or any where else, nor 
scarce the least noise of thunder, and there was no fain at all. 
The wind was West, and pretty strong, which raised the kite 
100 feet higher, at least, tliaii in the other experiments. 

Afterwards casting his eyes on the tin tube, which was 
fastened to the string of the lAte, and about three feet from 
the ground, he saw three strasws, one of which was about 
one foot long, a second four or five inches, and a third three or 
four inches, all standing erect, and* performing a circular 
dance, like puppets, under the tin tube, without touching one 
another. , j 

** This little spectacle, which much delighted several of the 
company, lasted about a quarter of an hour ; after which, 
some drops of rain falling, he again perceived the sensation of 
the cobweb on his face, and at the same time heard a con- 
tinual rustling noise,.like that of a small forge bellow^s. This 
was a farther warning of t]ie increase of electricity ; and from 
the first instant that M. De Komas perceived the dancing 
straws^ he thought it. not advisable to tske any more sparks 
.even with all his precautions | and he again entreated the com- 
pany to spread themselwes to a still greater distance. 

* Immediately after this came on the last act of the entertain- 
ment, which M. De llomas acknowledged made him tremble. . 
The longest straw was attracted by the-, tin tube, upon w^hich 
followed three explosions, the noise of which greatly resembled 

"that of thunder. Some of the company* compared it to the 
e^posion of iockets, and others to the violent crashing of large 
earthen jars against a pavement. It is certain that it was 
. beard into the heart of the city, notwithstanding^ the various 
noises there* ^ , o 

• The fire that was seen nt the instant of the explosion had 
the shape of a spindle eight inches long and five lines in 
diameter. But the inost: astonishing and diverting circum- 
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stance was produced by the straw, which had occasioned the 
explosion, following the string of the kite. Some o{ the com- 
pany saw it at 45 or 50 fathoms distance, attracted and re- 
pelled alternately, with this remarkable circumstance, that 
every time it was attracted by the string, flashes of fire were 
seen, and cracks were heard, though not so loud as at the 
time of the former explosion. 

“ It is remarkable, that, from the time of the explosion to the 
end of the experiments, no lightning at all was seen, nor scarce 
any thunder heard. A smell pf sulphur was perceived, much 
like that of the luminous electric effluvia issuing out of the end 
of an electrified bar of metal. Round the string appeared a 
luminous cylinder of light, three or four inches in diameter ; 
and this being in the day-time, M. De Romas did not ques- 
tion but that, if it had been in the night, that electric atmos- 

J here would have appeared to be four or five feet in diameter. 

-.astly, after the experiments were over, a hole was discovered 
in the ground, perpendicularly under the tin tube, an inch 
deep, and half an yicb wide; which was probably made by the 
large flashes that accompanied the explosions. 

“ An end was put to these remarkable experiments by the 
falling of the kite, tlife wind being shifted into the east, and 
rain mixed- with hail coming on in great plenty. Whilst the 
kite was falling, the sti;ing came foul of a penthouse ; and it 
was no sooner disengaged, that the person who held it felt 
such a stroke in his hands, and such a commotion through his 
whole body, as obliged him instantly to let it go; and the 
string, falling on the feet of some other persons, gave them a 
shock also, though much more tolerable*. * * 

“ The quantity of electric mattq^* brought by this kite from 
the ^louds at another time is really astonishing. On the 26th 
of August 1756, the streanfs of fire issuing from it wwe ob- 
served to be an inch thick, and 10 feet lung. This amazing 
flash of lightning, the effect of whieh on buildings or animal 
bodies, would perhaps have been equally destructive with any 
that are mentioned in history, was safely conducted by the 
cord of the kite to a non-electric body placed near it, and the 
report was equal to tfaal of a pistol.* 

M. Romas had the curiosity* to place a- pigeon in a cage 
of glass, in a little edifice, which he had purp^ely placed, so 
as that it should be demolished by the lightnyig brought down 
by his kite. • The edifice was, accordingly, shattered to pieces, 
but the cage and the pigeon were not struckt. “ 

• Gents. Mag. for August 1756, p, 376. 
f Nollet’s Letters, vol. iii p. ^ 9 , 

VoL, V, — No. 25, July, 1840. 
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The. Abbe Nollet, who gi^es this account, adds, that if a 
stroke of this kind had gone through the body of M« De 
Romas, the unfortunate professor Richman had not probably 
been the only martyr to electricity, and advises, that great 
caution be used in conducting such dangerous experiments.* 

When we consider how many severe shocks the most cau- 
tious and judicious electricians olten receive through inadver- 
tence, we shall not be surprised that when philosophers first 
began to collect and make experiments upon real lightning, it 
should sometimes have proved a little untractable in their 
hands, and that they were obliged to give one another fre- 
quent cautions how to proceed with it. 

^ “ The Abbe Nollet, as early as the 1752, advises that these 
experiments be made with circumspection ; as he had been 
informed, by letters from Florence and Bologna, that those 
who had made them there had had their curiosity more than 
satisfied by the violent shocks they had sustained in drawing 
sparks from an iron bar electrified by thunder. * One of his 
correspondents informed him, that once, as he was endeavour- 
ing to fasten a small chain, with a copper ball at one of its 
extremities, to a great chain, ^ which communicated with the 
bar at the top of the building (in order to draw off the electric 
sparks by means of the oscillations of this ball) there came a 
flash of lightning, which he did not see, but which affected the 
chain with a noise like that of wild fire. At that instant, the 
electricity communicated itself to the chain of the copper ball, 
and gave the observer so violent a commotion, that the ball 
fell out of his hands, and he was struck backwards four to five 
paces. * He had never been so much shocked by the experi- 
ment of Leyden.” t — Priestley's History of Electricity. 


X . — description of a Cast Iron Voltaic Battery^ and an 
Account of some of its Performances. By William Sturgeon. 

Having given a notice in the last Number, that I would des- 
cribe this battery in the present one, I now proceed to do so. 

The battery consists of ten cast-iron cylindrical vessels, and 
the same number of cylinders of amalgamated rolled zinc with 
diluted sulphuric acid. The* cast-iron vessels are 8 inches 
high and 3^ inches diameter. The zinc cylinders are the same 
height as the iron ones, and about 2 inches diameter, and open 
throughout. The iron and zinc ^cylinders are attached, in 
pairs, to each other, by means of a stout copper wire, as seen 

• .Fhil. Trans, vol. 111. pt. i. p. 842. 
f Phil, Traos. vol. zlviii. pt. i. p. 205. 
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in fig* 7 9 platn L The zinc of one pair is placed in the iron 
of the next, and so on throughout the series ; contact being 
prevented by disks of millboard placed in the bottom parts of 
the iron vessels. 

As it is my intention to embody a series of experiments 
made with this battery, with a number of others, in a paper 
which will appear in the August number of this work, I will 
merely notice a few, in this place, which will give a tolerably 
good idea of its powers. 

With ten pairs in series, I have usually obtained 14 cubic 
inches per minute of the mixed gases from the decomposition 
of w^ater, and 10^ cubic inches when the battery had been in 
action an hour and a half. But on the 20th iust. I obtained 
20 cubic inches per minute, and this day I obtained 22 cubic 
inches per minute wdth the same arraugement ; fused 1 inch 
of copper wire of of an inch diameter; four inches was 
kept white hgt ; and 18 inches of the same wire was kept red 
hot in broadMaylight. 

Eight inches of watch main springs was kept red hot, and 
2 inches white hot, for several successive minutes. 

We now employ thisjbattery daily at this Institution. 

W. Sturgeon. 


Royal Victoria Gallery, 

For the Encouragement of Practical Science, Manchester, 
June 22, 1840. 


XL— MISCELLANEOUS ARTICLES. 

• «• 

Curious Remarks on the Wf^ck of the “ Royal George^ 

• 

At a recent meeting of the Geological Society, there were 
read, Remarks on the struct&re of the Royal George, and on 
the condition of the timber and otlier materials brought up 
during the operations ol Colonel Pasley in 1839,’ by Mr. 
Creuze. The Royal George was the iiist ship built on the 
improved dimensions recommended in consequence of an in- 
quiry into the superior sailing qualities of the vessels of war in 
the French and Spanish services. She was commenced at 
Woolwich in 1746, launched in 1756, and, after bearing a very 
high character as a ship of war for twenty-six years, was acci- 
dentally sunk at Splthead on the 29th of August, 1782. From 
an examination of the various portions of the wreck recovered 
by the operations of Colonel Pasley, Mr. Creuze states that 
the great agent of the work of destruction, during the fifty- 
seven years since the loss of the Royal George, has been the 
worm,” which has gradually, by its innumerable perforations 
on every exposed portion of the wood Vork, reduced it to such 
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a state as to enable the constant wash of the tides to abrade it 
layer by layer. The portion of the ship which has thus been 
removed is considered to be the whole of the upper part, in- 
cluding the topsides above the line of the middle-deck ports. 
The portions of the recovered timbers which had been buried 
in the mud were perfectly sound ; and Mr. Creuze is of opinion 
that the bottom of the ship, which is thus protected, and too 
deeply* inhumed to be aflected by the explosion, will last for 
ages. Some portions of the copper have undergone so little 
change, that several whole sheets average the same weight per 
square foot as those now used in the royal navy ; and this state 
of preservation, Mr. Creuze believes, may be accounted for on 
the principle applied by Sir Humphrey Davy to the protection 
of the sheathing of ships. The cast-iron guns which have been 
recovered were so much softened as to be easily abraded by the 
finger-nail to the depth of onersixteenth and one-eighth of an 
inch, but they gradually hardened on exposure to the atmo- 
sphere. The brass guns are as sharp in their omdR:nental cast- 
ings, and apparently as sound, as at their first immersion. A 
piece of two-and-a-half inch cable-layed corda^fe, made from 
a specimen of tanked rope (possibly part of the ship’s old junk 
for sea-^store, or of one of the cables used in an attempt to 
weigh her soon after she sunk), was found to bear 21cwt. 3qrs. 
7lbs. ; while a similar cable, made from yam spun in 1 830, 
bore only 20cwt. Iqr. 71bs. Mr. Creuze then stated some pe- 
culiarities in the structure of the Royal George, and concluded 
with a descriptive catalogue of a series of specimens which ac- 
companied Mr. Creuze’s paper. 


Further Particulars Respecting the Royal George. 

c W 

Colonel Pasley began his proceedings for the removal of the 
wreck of the Royal George on the 1st of this month, but up to 
this day (Monday) notliing very remarkable was effected. Two 
guns, the rudder, and* a considerable quantity of timber we^e 
recovered ; but as these were merely those fragments of last 
year’s work which the inclemency of the season prevented the 
engineers from picking up, nq, serious measures were deemed 
liecessary till yesterday. At eight o’clock in the morning, the 
red flags at Spithead announced that a great explosion was to 
be attempted : and at eleven o’clock one of those huge cylin- 
ders, which have already been /Inscribed, and filled witli 
2,1161bs. of gunpowder, w'as lowered to the bottom. One of 
Colonel Pasley’s divers (George Hall), who has acquired great 
expertness in these operations, descended his rope ladder a 
little in advance of the cylixkder, and succeeded in fixing it 
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securely to one of the lower gudgeons or braces on the rudder- 
post, within six or eight feet of the keel. The diver having 
remounted, and the vessels being withdrawn to a safe distance, 
the enormous charge was ignited by means of the voltaic ap- 
paratus. Within less than two seconds after the shock was 
felt, the sea rose over the spot to the height of about fifteen 
feet, or not quite half so high as it did on the occasion of the 
great explosions last year ; a difference ascribable, probably, 
to the cylinder on the present occasion having been placed 
under the hull instead of alongside it. The commotion in the 
water, however, was so gi'cat, as to cause the lumps and lighters 
to pitch and roll at a groat rate. The whole surface of the sea, 
for several hundred yards round, was presently coh ered with 
dead fish and small fragments of the cylinder. Amongst these 
were innumerable tallow candles, and a mass of butter a foot and 
a half in length, evidently drivpn up from the purser’s store- 
room. As soon as the vast commotion in the water had sub- 
sided, and tfic boats had returned from the universal scramble 
for the candles anrl dead fish,- the diver proceeded again to the 
bottom, and soon reported that the whole stem of the ship had 
been driven to pieces, ^and that, so far as he could ascertain, 
there was now a free and wide channel directly fore and aft the 
ship, from stem to stern, through which both the flood and ebb 
tides will rush ; and thim the mud with which the hull of the 
Iloyal George has been silled for half a century will be washed 
out, and the way cleared for Colonel Padey’s further opera- 
tions. From the auspicious manner, indeed, in whicdi he has 
commenced, we may safely predict his final success : and we 
confidently tnist that, before the season closes, Spithc^ will 
be cleared of this grievous and long-standing drawback to its 
efficiency as a roadstead for line-of-battle ships. 


Further Particulars* 

The operations have continued dlaily with great activity and 
success, two divers being employed every slack tide in slinging 
the fragments of the wreck. The stem-post has been got up, 
broken into three pieces by tlie great explosion of the 11th 
instant, together with a large fragment of dead-wood, that 
stood over the keel, and was also connected with the stern- 
post. A very curious mass, consisting of part of the lower 
deck, with a portion of beam, and two knees below the deck- 
plank, and a rider or upright knee above it, together with part 
of a port, and the remaining, both of the inside and outside, 
planking, on each side of a fragment of timber, may now be 
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seen in tb€t Dock Yard. A very large cable bas also been got 
up, measuring twenty-four inches round, and about ninety 
fathoms in length, w^hich was generally very sound, but has 
been broken into several pieces, so that the diver had to de- 
scend repeatedly for two or three days before he slung the 
whole of it. All is clear now above the orlop deck, except 
some beams of the lower deck, which still remain. This day 
(Saturday) red flags were hoisted on board the two lumps, at 
ten o’clock, as a signal that two explosions, of 2501bs. of pow- 
der each, would take place at the next slack tide, and two 
divers were sent down to make preparations for placing the 
two charges, one under the main hatch of the orlop deck, the 
other near the bread room. Lieut. Symonds, the executive 
engineer, who made all the arrangements on this occasion, 
as well as for the great explosion of the 1 1 th, then sent down 
the charges with the divers, and having removed the lumps to 
a little distance, he posted himself at one voltaic battery, 
whilst Sergeant-Major Jones had charge of the other. Colonel 
Pasley then gave the word to fire, but only one explosion took 
place, which was effected by four'^ells of Professor Daniell’s 
battery, at the distance of 240 feet. This produced the usual 
effect of a great commotion in the water, in the form of an in- 
verted «bowl, spreading to a considerable distance, but not 
rising to any great height ; several seconds elapsed, after a 
sharp shock was felt, b^efore this agitation of the water took 
place. The second explosion, which was to have been fired 
by means of Mr. Alfred Smee’s new voltaic battery, did not 
take place on completing the circuit ; but Sergeant-Major 
Jones, feeling the shock of the other explosion, believed it to 
be his own, for he completed the voltaic, circuit, on first re- 
ceiving the order to fire. Being prdered to complete the cir- 
cuit a second time, he did so ; and on keeping up the contact 
for about four seconds, the explosion was effected at the dis- 
tance of 460 feet. After these explosions, which were wit- 
nessed by Admirals Sir Edward Codrington, and Bouverie, 
Major-General Sir Hercules Pakenham, and a number of 
oflScers of both services, and numerous other spectators, the 
divers, repeatedly went down a^ain, and lashed large pieces of 
timber, amongst which were the parts of a lower deck beam. 
A human skull, with teeth, was also brought up from the after 
part of the wreck, which Colonel Pasley has declared his in- 
tention to bury in Kingston churct^ard, together with such 
other remains of skeletons as may be obtained hereafter. 



Miscellaneoui Articles, 


1l 


Operations against the Wreck of the Royal George^*" 
and proposed Great Explosion. 

The mud accumulated in the hold of the wreck having 
proved troublesome to the divers, a number of small 
charges of 471b. and of 2601b. of gunpowder have been fired 
against the wreck within the last fortnight, and the removal 
of the fragments has proceeded with great activity ; but it 
now appears necessary to have recourse to another great 
explosion of about 2,1601b. of powder, to be placed in a 
wooden cylinder made in Chatham dockyard, which having 
been coated with a waterproof composition, and sunk in 
fifteen fathoms at Spithead, was declared to be perfectly water 
tight. Colonel Pasley has declared his intention of firing this 
great charge at about a quarter before two o’clock on the 
afternoon of Monday, the 22nd instant, when the neap tides 
and long slack water will favour the operation. Red flags 
will be hoisted on board the Success frigate hulk, and the two 
lumps or mooring lighters aft Spithead, several hours before 
the explosion on the d^y above-mentioned. Should a violent 
gale of wind occasion such a sw^ell as to prevent the op^ation 
on the 22nd, it will be postponed till the 23rd or 24tn, and 
each day of delay will cause the explosion to take place about 
three quarters of an hour later than the time before men- 
tioned. 


Sketch of the Life of the UUe Lieut, Bell, * 

‘‘John Bell was the eldest son of a hat-manufacturer of re- 
spectability and considerable property, residing in Carlisle, 
and was bom cm the 1st of March, 1747. Until he attained 
the age of eighteen, he assisted in the management of his fa- 
ther’s business ; indeed, from liis parent having engaged Jn 
scientific pursuits, and more particularly in the vain endeavor 
to discover the longitude, the duties of the business almost 
wholly devolved on the subject 'of this sketch. In the year 
1766, Sergeant Harding, of the Royal Artillery, who was fa- 
miliarly known to the family, being at CarUsIe recruiting, young 
Bell was induced to enter into the sendee of Kis country, and 
after having received the usual drilling at Woolwich, he in the 
following year embarked fm: Gibraltar, in the 3rd battalion, 
under Major Innes, where he remained about six years. On 
his return to England, he obtained a furlough, and proceeded 
mto the north to visit his relatives, when he found that, during 
his absence, his father had &llen into embarrassments, from 



72 


Miscellaneous Articles* 


having neglected his business, and spent his property in his 
endeavors to obtain the prize ofl'ered by government to the 
discoverer of the longitude. Shortly after his return to Wool- 
wich, his expertness in handling tlie Macaroni Gun elicited 
the applause of his sovereign, who, clai)ping him on the shoul- 
der, exclaimed, “ Fine young fellow — fine young fellow — ^inake 
a man of you.” From this time his abilities became daily more 
apparent, and his promotion was rapid. He first became 
bombadier in 1775, and wm sent on a recmiting mission to 
Carlisle, where, being well known, and his success consequently 
great, he was continued for some months. He was engaged in 
various schemes connected with military pursuits during the 
succeeding seven years, and in 1782 we find him paymaster- 
sergeant and conductor of stores to the artiUery encamped on 
South Sea Common. From South Sea Castle he was an eye- 
witness to the foundering of the Royal George, and from that 
time, his mind became occupied in devising some plan for 
raising, or, should that be impracticable, for destroying the 
wreck. On the treaty of peace with Aiiferica being ratified, he 
returned to Woolwich, where Me was made inspector of the 
proof, which situation he held at the time of his death. Here 
he dfi\’otcd his leisure hours to the scientific pursuits on which 
the TOole energies of his mind were bent, and* which his in- 
ventive genius enabled him to exhibit in a series of most ex- 
traordinary and valuable inventions. These it would be useless 
to attempt to describe in a mere biogi*aphical sketch, it must, 
therefore, suffice if some of the most remarkable be enumerated. 
Ami* fic-st. may be mentioned the “ Sun Proof,” by which the 
soundness of the interior of ordnance is scnitinised most ef- 
fectually, and this proof is* considered so decidedly superior to 
all others, that it is still belieyed to be used in the., royal 
arsenal, and doubtless many a brave fellow is in deputed for his 
lengthened existence to the security thus aflbrded him from the 
bursting . of heavy artillery. A gyn, called “ Bell’s Gyn,” (also 
still in use ip tjie Royal Military Repository,) bears witness to 
his inventive genius, as do further, an efiective petard, (a model 
of which may be seen at the laboratory, at Woolwich,) a me- 
thod of destroying ordnance by means of a ponderous w^eight 
worked at a considerable altitude, and a variety of minor in- 
ventions abd improvements. In 1791, a silver medal and a 
premium of five guineas were,awar4€Ml to him by Society 
' pf Arts, “ For a safe crane, whereby the lives of persons de- 
scending or ascending precipices, wells, shafts of mines, &c., 
mil be saved, although the line.by which they are suspended 
fipcident be brolcen.” , In J 793, he received a further 
premium of twenty guineas from the ^samo. society, ^^For a gun 



' ^ Miscellaneous Articles. 73 

and harpoon on a new construction for taking whales, after 
satisfactory trials made therewith.” (Vide Trans, of this So- 
ciety.) *Nor must be omitted the notice of his invention for 
destroying sunken bodies by the operation of gunpowder, the 
result of his jeflejetions on the fate of the Royal George. 
Hanng proved its practicability by blowing up a sunken rock 
in the Frith of Forth, he further demosnstraterl its utility by ex- 
periments performed at Woolwich before the Duke of Rich- 
mond and other military gentlemen. Having directed a vessel 
to be built upon a scale of one inch to fifty of the thickness of 
the Royal George’s side, he caused it to be sunk in the Thames, 
and with 501bs. of gunpowder, aften^^ards conducted into her 
magazine, blew her to pieces. The experiment took place at 
high water, and answered every expectation of the inventor. A 
further experiment was hiadc, wliich seemed to promise siic- 
j^cess, viz., -the breaking of chains or booms laid across rivers, 
by means of a 4ninc of gunpowder. (Vide Gents. Mag. for 
1789, pages 753 and 947.) From this it is evident that, but 
for his ])remature dcath^ the Royal George had long ago ceased 
to engage the invenfivc fiicultics of scientific minds. Colonel 
Pasley, who is now occupied on that wreck, to his highest 
honour be it spoken, has in a recent letter to the Times, gene- 
rously awarded to Lieut. Bell his ready assent to the clgjm of 
his being the first projector of this scheme for her demolition, 
although he had not been previously acquainted Avith it 

But the invention which of all others entitled him to a place. 
?,s well among the “ sons of genius,” as among the benefactors 
of mankind, is that of the ‘^Apparatus for rescuing shipwTecked 
mariners,” for which the world generally considers itself in- 
debted to Captain Maiiby. Without tHe least desire to advance 
any claim derogatoiy to the fair fame? of the gallant captiin, we 
must be pepnitted to adduce «uch proofs as are aflbrded (and 
these, we consider, are incontrovertible) that the real merit of 
the invention belongs solely, and in every material respect, to 
the 4<5parted genius whose memory we i:ow seek to perpetuate. 
His untimely death aflbrded Captain Manby the opportunity 
of bringing it more decidedly before the j3ublic, and of ob- 
taining the high emolument of which it was considered de- 
serving ; let him, therefore, penuit the emptjjr honour to gild 
the escufoheon of the aiidoubted proto-inventbt. It is scarcely 
necessary to describe the apparatus, irince there can be but few 
persons who are unacquainted Vith its nature and uses. The 
models of the whole Apparatus, originally deposited by Lieut. 
Bell, may be inspected in the rooms of the Society for tlje 
Encouragement of Ariis and Sciences.^ Several succcsslhl ex- 
periments were made at Woolwich'ufefew the Duke of Rich- 
VoL. V._No. 25, Jubjf 1840. " K 
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m when Lieut. Bell, by dis- 

^rtg a Sieil i rn(ktjk\ threw on shore a rope, by 
wj&:n ' he drew hiifiiself id the fend "with perfect case, of which 
e^tpioit u Jmng witness now resides at Woolwich, namely, Mr. 
Laycock, whp at that time served in the Royal Artillery. His 
success ^vas so perfectly satisJactoiy, that, in 1792, a premium 
of fifty guineas W'as awarded to him for the invention by the 
Society of Arts. It would seem that Captain Manby’s claim 
to the originating of this contrivance rested solely upon the 
subtle distinction of his throwing a line across the ship from a 
mortar on shore, whilst Lieut. Bell’s has been thought to sug- 
gest the throwing it from the vessel only. The following ex- 
tract from Lieut. Bell’s observations, transmitted to the Society 
of Arts, and published in their transactions, proves that his 
jdan comprehended both these methods : — “ there is every 
reason to conclude that this contrivance w'ould be very useful 
at all ])orts of difficult access, both at home and abroad, where 
shi})s are liable to strike ground before they enter the liaibour, 
as Shields Bar, and other similar situations, when a line might 
be ihronm ot'cr the sJnp^ which might probably be the means 
of saving both lives and property ; and, moreover, if a shi]} 
WTre driven on shore near such a place, the apparatus might 
easily be removed to afford assistance ; and the whole per- 
fonuaiicc is so excceffingly simple, that any person once seeing 
it done, w^ould not want any further instruction. (Vide Trans, 
of the Society of Arts, vol. 25, page 135.) 

In addition to the above convincing proofs of the right of 
liicuL'-Bell to the honour of this invention, two extracts are 
subjoined — First, from Lieut, (general Farrington’s letter of 
19tii January, 1808, transmitting report of the committee of 
field officers of aitillciy at Woolwich on t]ie Manby apparatus, 
in which the lieiit.-general stales, ‘‘that this invention was 
brought fonvard by the late Lieut, llell, of the Royal Artillery, 
nearly fourteen years since ; his idea was to project the roptj 
from the ship to the shore, which is assuredly the metfiod 
most to be depended upon, as the vessel iri that case carries 
the means w^ith it, and need not rely on any fortuitous assist- 
ance from the shore.” And, secondly, an» extract from the 
letter of Colonel Ramsay, dated October, 1808, containing a 
report of field officers of artillery on the Manby apparatus, in 
wluch the colonel slates, “that Lieut. Bell’w^as presented 
with a premium from the Society of Arts for a similar* appli- 
cation of ordnance to come from the ship to the shore, and for 
having also suggested its utility in projecting the rope from 
the land to vessels in danger of being wTecked” (Vide report 
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of the committee of the House, of Commons on the application 
of Captain Manby fox remuneration for the apparatus.) 

“ If any proof be required in addition to the above of the true 
person entitled to the merit of this valuable invention, it might 
be foimd in the fact of the House of Commons having, in the year 
1815, voted the sum of £500 to Mrs. E. Whitfield, as a reward for 
the ingenuity of her father, in discovering the apparatus for res- 
cuing persons in danger of losing their lives by shipwrecks. 

“ Little more remains to be said ; his reputation as a man of 
sound practical science was now fully established, and in 1793 
he was presented by the Duke of Richmond, who had fre- 
quently witnessed his experiments and unreservedly expressed 
his high opinion of his abilities, with a commission as second 
lieutenant in the Royal Artillery. Somewhere about this time 
he was despatched on a secret expedition, which had for its 
object the destruction of the Dutch fleet in the Texel, but 
which w'as abandoned. In January, 1794, he was promoted 
to the rank of first lieutenant in the Invalid Battalion in the 
same regiment, and ill this station continued till his death. 
Lieut Bell died suddenly at t^ueenborough, on the 1st June, 
1798, in the height of ^;is successful career, whilst engaged in 
iminoving mid fitting out the fire-ships there, after having de- 
voted his best energies to tlie service of his countiy, to the 
interests of science, anti to the cause of humanity, without 
having reaped those pecuniary benefits which he might have 
reasonably anticipated as the reward of untiring exertions, ter- 
minating in a series of valuable discoveries.” — Utiited Sercice 
JourfiaL 


Photogenic Art — t^ngraving. 

It was stated last week, that Dr, Berres, of Vienna, had 
discovered a method of fixing the impressions produced by 
Daguerreotyphy, by means of which these productions can be 
employed instead of engraved jdates, and copies thcrefiom 
printed, as in the course of the ordinary cojiper plates, &c. 
now give a copy of the doctor’s accoiuit of his discovery : — 
“It was annoimced in the \ienna Gazette of the 18tJi of 
April last, that I had succeeded in discovc^ring a method hy 
which I was enabled both permanently to fix the pictures ]>ro- 
duced by the method of Daguerre, and to render them avail- 
able to all the purposes of, etchings upon copper, steel, &c. 
from which copies might be struck off* to any extent, as in the 
case of ordinary engraved productions ; and it was stated in 
the same newspaper, that I proposed bringing my riiscovory 
immediately before the public. 
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As a .member of this distinguished society, 1 consider it 
my duty, first, to make known to this learned body a discovery 
wmch creates so much hope, and which promises so great a 
benefit to the arts and sciences. The well known expenses 
and difficulties attendant on the publication of an extensive 
work, requiring engravings as illustrations, led me, in the first 
instance, to hope that I might be enabled to render the disr 
covery of Daguerre available by improvements, to represent 
and fix the objects necessary to my work ; and the first view 
of a heliographcd picture aroused in me the desire also to re- 
present, in the same manner, microscopic objects, although 
attempts, with the strongest lamplights, to produce engiavings 
or etchings had been unsuccessliil, and the idea abandoned as 
hopeless, imtil revhed by a sight of the hydro-oxygen gas 
microscope of M. Schuh, of Berlin, an instrument which, in 
its power and clearness, has never before been equalled or even 
approached. On the 27tli February last, I had the honom- of 
laying before the learned body the results of the united in- 
vestigations of my distinguished colleague, Professor de 
Ettingshausen, and myself’ upoh this subject, and the per- 
fectly successful experiments of ] ictures prepared through the 
process of photogn:iphy upon microscopic objects. Many 
specimens of the results of our researches and successful at- 
tempts to employ photography for seientific and useful pur- 
poses are now placed before you for examination. Tlirough 
this new method, tlie Daguerreotype is rendered more exten- 
sively available for scientific uses. Every object which is dis- 
cernible fo the eye with clearness, can, in the future, through 
the means of the iodiiicd silver plates, be minutely etched, 
and, true to nature, (for sfie is herself the artist !) be copied 
with the minutest exactness, fut the beautiful representa- 
tions which wc are able to produce through the m^ans of the 
Daguerreotype arc liable to so many injuries, and are so deli- 
cate, fragile, and evanescent, that they never can be rendered 
av ailable for illustrating works of science and other useful 
purj)oscs. 

“ In a Petersburgh newspaper, of March last, I first saw an 
account of some attempts to bring the Daguerreotype process 
into general use. In the meantime, M. Daguerre had declared, 
before the institute, of I’aris, tlie complete failure of all his at- 
tempts, by means of etching, to obtain the impression even of 
a single copy. 

The experiments at St Petersfiurgh, and the hope of even- 
tual success, urged me to attempt to make some use of the 
Daguerreotype pictures ; and 1 be>gan, at the commencement 
of ^s month, my series of experiments. Without recapitu- 
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lating all these, in which I was assisted with cordiaJ zeal by 
M. Francis Kratochwila {a gentleman in the employ of govern- 
ment), and by M. Schuh, who placed at my (hsposal an im- 
mense number of Daguerreotype plates, and before I come to 
an explanation of the process by which 1 render these Da- 
guerreotype pictures permanent and capable of further use, 

I consider it necessary to lay before this learned body the fol- 
lowing observations: — 

“ 1st, With the copper plates, as used at present in the 
Daguerreotype process, we can effect only the permanently 
fixing, never the etching and imnting of copies therefrom. 

2nd, For tlic heliographic etchings, it is necessary that the 
picture be ])roduced i?\dt]i the required intensity, upon pure 
chemical silver plates. 

“ 3rd, The etching of the Daguerreotype picture is produced 
through the influence of nitric .aoid, to be explained hereafter. 

“ 4th, For the permanently fixing of the l)agucrrcot3q3e im- 
pression, a galvanic power is necessary. 

“ 5th, For the changing of the Daguerreotype picture into 
a deep metal etching, so as td be used as a means of printing, 
the chemical process of etching is of itself sufficient. 

My newly discovered method of managing the Daguerreo- 
type pictures may be divided into two processes ; 

‘‘ 1st, The permanent^ fixing the design. 

2nd, The changing of the design, when once permanently 
fixed, into an etching upon the plate. 

‘‘ The method of permanently fixing the Daguerreotype pic- 
ture with a transparent metal coating consists in the fdlwing 
process : — 

“ I take the pictures produced in the usual manner, by the 
Dagiieri'cotype process, hold, them for some minutes over a 
moderatel^^-warraed nitric acid vapour, or steam, and then lay 
fhem in nitric acid of 13'^ to 14° Reaumur, in which a con- 
siderable quantity of copper or silver, or both together, has 
brfen previously dissolved. Shortly after being placed therein, 
a precipitate of metal is formed, and can now be changed to 
what degree of intensity I desire. I then take the heliographic 
picture coated with metal, pla^e it in water, clean it, dry it, 
polish it with chalk or magnesia and a diy cloth or soft lea- 
ther. After this process the coating will become clean, clear, 
and transparent, so that the picture can again be easily seen. 
The greatest care and atten^on are required in preparing tlie 
Daguerreotype impressions intended to be printed from. Tlie 
picture must be carefiilly freed firom iodine, and prepared upon 
a plate of the most chemically pure silver. 

That the production of this picture should be certain of 
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succeeding, according to the experiments of M. Kratochwila, 
it is necessary to unite a silver with a copper plate while, 
upon other occasions, without being able to explain the rea- 
sons, deep etchings or impressions are produced, without the 
assistance of the copper jdate, upon jmro silver ])late. 

The plate will now, upon the spot where acid ought not to 
have dropped, be varnished ; then held for one or tw^o minutes 
over a w(jak wann vapour or steam, of 25"^ to 30° (Reaumur), 
of nitric acid, and then a solution of gum arabic, of the con- 
sistence of hemey, must be pomed over it, and it must be 
placed in an horizontal position, with the impression uj)pcr- 
most, for some minutes. Then place the plate, by means of a 
.kind of double pincette (whose ends are protected by a coating 
of as])halt or hard wood), in nitric acid, at 12° or 13° (Reauimu). 
Let the coating of gum slowly melt off* or disajipear, and com- 
nieiuic now to add, though carefully and gradually, at a dis- 
tance ii’om the pi(;turc, a solution of nitric acad, of 1‘roni 25° to 
33°, for the purpose of deepening or increasing the etching 
power of the solution. After the acid lias arrived at 1()° to 
17° (Reaumur), and gives off* a peculiar biting va]>our, which 
powerf’ully affects the sense of smellwig, the metal becomes 
softened, and then, generally, the process commences chang- 
ing the shadow ui^oii the jdate into a deep engraving or etching. 
This is the decisive moment, and u])on it must be bestowed the 
greatest attention. The best method of proving if the acid be 
strong enough is to ap])ly a drop of the acid in which the jdate 
now lies to another plate ; if the acid make no impression, it 
is, o£c- 2 urse, necessary to continue adding nitric acid ; if, how- 
ever, it corrode too deeply, then it is necessary to add water, 
the acid being too strong. ® The greatest attention must be be- 
stowed upon tills proeess. If the acid has been too potent, a 
fermentation or white troth will cover the whole picture, and 
thus not alone the surface of the picture, but also the whole 
surface of the plate, will quickly be corroded. Wlien, by a 
proper strength of the etching powers of the acid, a soft aSiid 
expressive outline of the picture shall be producecfpthen may 
w^e hope to finish this imdertaking tiivorably. We have now 
only to guard against an ill-n^easm-ed division of the acid, and 
the avoidance of a precipitate. To attain this end, 1 fre- 
quently lift the j)late out of the fluid, taking care that the 
etching pow.er shall be directed to whatever part of the plate it 
may have worked the least, and s^ek to avoid the bubbles and 
precipitate by a gentle movement of the acid. 

In "this manner the process can be continued to the proper 
points of strength and clearness of etching required upon the 
{dates from which it is proposed to print. I believe that a man 
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of talent, who might be interested with this art of etching, and 
who had acquired a certain degree of dexterity in preparing 
for it, would very soon arrive at the greatest clearness and per- 
I’ection ; and, from my experience, I consider that he would 
soon be able to simplify the whole process. I have tried very 
often to omit the steaming and the gum arabic ; but the result 
was not satisfactory^, or the picture very soon after was entirely 
destroyed, so that 1 was compelled again to have recourse to 
them. 

The task which I have undertaken is now fully performed, 
by placing in the hands of this leajTicd body my method of 
etching and printing from the Daguerreotype plates, which 
information, being united to the knowledge and mathematical 
experience we already possess, and published to the world, 
may open a road to extensive improvement in tlie arts and 
sciences. By thus laying open my statement to the scientific 
world, I lioj)c to pro\e uiy devotion to the arts and sciences, 
which can end only with my life.” 


Discovery of the Mariners^ Compass. 

Much interest must for ever attach to the discovery of this 
instrument, and yet thei;c are few subjects concerning which 
is less known. For a period, the honour of the invention was 
ascribed to Gioia, a pilot, or ship captain, born at Pasitauo, 
a small village situated near Malphi, or Amalfi, about the end 
of the thirteenth century. His claims, however, have been 
disputed. According to some, he did not invent but imiirove 
it ; and according to others, he did neither. Much learning 
and labor have been bestowed upon the subject of the dis- 
cover^. It has been maintamed by one class, that even the 
Phoenicians were the inventors; by another, that the Greeks 
and Romans had a knowledge of it. Such notions, however, 
have been completely refuted. One passage nevertheless, of 
a Jtery remarkable character, occurs in the work of Cardinal 
de Vitry, liSfihop of Ptolemais, in Syria. He went to Pales- 
tine during the fourth crusade, about the year 1204; he 
returned afterwards to Europe,* And subsequently went back 
to the Holy Land, where he wote his work entitled* **Hi8toria 
Orientalis,” as nearly as t:an be determined, between the years 
1215 and 1220. In chap, xci of lhaf work he h^s this 
singular passage : — ** the iron needle, after contact with the 
loadstone, constantly turns to the north star, which, as the 
axis of the firmament, remains immoveable, whilst the others 
revolve ; and hence it is essentially necessary to those navi- 
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gating on the ocean ” These words are as explicit as they 
are exlyaordinary ; they state a fact, and announce a use. 
Tlie thing, therefore, which essentially constitutes the com- 

? aB8, must have been known long before the birth of Gioia. 

n liddition .to this fact, there is another equally fatal .to his 
cla[ims as the original discoverer : it is now settled beyond a 
doubt, that the Chinese were acquainted with the compass 
long ]^fore the Europeans. It is certain that there are allu- 
sions magflfiiic needle in the traditionary period of 

Chinese liisto^, 'ubout "2,600 years before Christ; and a still 
more cre^ble aecdhnt of ft is found in the reign of Ching- 
yrang, of Chow dynasty, before Christ 1,114. All this, 
|joWever, . may be granted, without* in the least impairing the 
just claims of Gioia to the gratitude of mankind. - The truth 
appears to be thki ^he position of Gioi^, in relation to tlie 
pompass, was precisely that of Watt in relation to the steam 
engirie — ^tbe element existed,, he augmented its, utility# « The 
cotnpass used by the mariners in thq Mediterranean, during 
the twelfth and thirteenth cOntures, was a very uncertain and 
unsatisfactory apparatus. It consisted only of a magnetic 
needle floating in a vase or basin by means of two straws or 
a bit of cork supporting it on the surface of the water. The 
compass used by the Arabians in the thirteenth century was 
an instrument of exactly the same description. Now. the in- 
convenience and inefiici^y of such an apparatus are obvious ; 
the agitation of the o%an, and. the tossing of the vessel, 
might render it useless in a moment. But Gioia placed the 
magnetized needle on a pivot, which permits it to turn to all 
sideaiLjST^ith facility. Afterwards, it was attached to a card, 
divided into I Wty-two points, called Rose des Vents ; and 
then the box « Intaining it was suspended in such a manner, 
that however^' fe vessel might be tossed; it ’would always re- 
main horizonta | The result of an investigation participated 
by men of various nations, Und possessing the highest degree 
of competency, may thus be stated# Ine discovery of the 
directive virtue of the magnet was made anterior to the tifoe 
of Gioia. Before that period, navigators, both in the Medi- 
^rranean and Indian seas, employed ^be magnetic needle ; 
but Gioia, by his invaluable,improvetnent in the principle of 
^usb^nsmn, is fully*entitled to the honor of being considered 
the real inventor, in Europe, of tWb compass as it now exists.” — 
CanfbsH's Maritime Discovery. 
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§18. On Induction { continued). vii. Conduction^ or con-- 
due live discharge, viii. Electrolytic discharge. ix. 

Disruptive discharge — Insulation — Spark — Brush — /)//- 
ference c,f discharge at the posilive and negative surfaces 
of conductors. 

9 

1318. I proceed now, according to my promise, ^to' ex- 
amine, by the |![rcat facts of electrical science, that theory of 
imjaction which I have ventured to put forth (1105. 1295. &c.) 
The principle of Induction is so universal that it pervades all 
electrical phenomena; but the general case which I purpose 
at present to go into, consists of insulation traced into and 
Icrininating with discharge, with the accompanying effects. 
'I'his case includes the various modes of discharge, .and also 
the condition and characters of a current ; the elements of 
magnetic action being amongst the latter. I shall necessarily 
have occasion to speak theorlJtically, and even hypothetically ; 
and though these papers profess to be experimental researches, 
1 hope that, considering the facts and investigations contained 
in the last series in support of the particular view advanced, 
VoL. V — No. 2d, August, 184p, . F. 
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1 shall noj: be considered as taking too much liberty on the 
present occasion, or as departing too far from the character 
which they ought to have, especially as I shall use every 
opportunity which presents itself of returning to that strong 
test of truth, experiment. 

13 19. Induction has as yet been considered in these papers 
only in cases of insulation; — opposed to insulation is discharge. 
The action or effect which may be expressed by the general 
term discharge^ may^take place, as far as we are aware at 
present, in several modes. Thus, that which is simply called 
conduction involves no chemical action, and apparently no 
displacement of the particles concerned. ** A second mode 
ihay be called electrolytic discharge \ in it chemical action 
does occur, and particles must, to a certain degree, be dis- 
placed. A third mode, namely, that by sparks or brushes 
may, because of its violent disjplacement of the particles of the 
dielectric in its course, be called the disruptive discharge \ 
and a fourth may, perhaps, be conveniently distinguished for 
a time by the words convection^ or carrying discharge^ being 
that in which discharge is effected either by the carrying 
power of solid particles, or those of gases and liquids. Here- 
after, perhaps, all these modes may kppear as the result of 
one common principle, but at present they require to be con- 
sidered apart ; and I will mw speak of the first mode, for 
amongst all th^ forms of di^harge that which we express hy 
the term coniS^tion appears the most simple and the most 
directly in contrast with insulation. 

% vii. Conduction^ or conductive discharge. 

1320. Though assumed to be essentially different, yet neither 
Caveitdish’^or Poisson attempt to explain by, or even state 
in|t; thehr theories, what the essential difference between" insu- 
latiim^and conduction is. Nor have I anything, perhaps, to 
offer hi this respect, except that, according^ to my view of 
induction, both it and conduction depend upon the same mple- 
culai^ action of the dielectrics concerned ; are only extreme 
degrees of one common condition or effect; and in any suffi- 
cient mathematical theory of electricity must be taken as cases 
of the same kind. Hence the importance of the endeavour 
to shew the connexion between them under my theory of the 

.eleetrical relations of contiguous particles. 

1321. Thmigli the action of the insulating dielectric in the 
charged Leyden jar, andtlmt of the wire in discharging it, may 
.geennrery different, they niay be associated by numerous inter, 
innate links, which carry us on froili one to the other, leaving, 
1 think, no necessary connexioo unsupplied. Wo may ob- 
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serve soipe' of these in succession for information respecting 
the ‘whole case. 

1322. Spermaceti has been examined and found to be a die- 
lectric, through which induction can take place (1240. 1246), 
its specific inductive capacity being about or above 1 *8 (1279,) 
and the inductive action has been considered in it, as in all other 
substances, an action of contiguous particles. 

1323. But spermaceti is also a conductor^ though in so low a 
degree that we can trace the process of conduction, as it were, 
step by step through the mass (1247.); and even when the 
electric force has travelled through it to a certain distance, we 
can, by removing the coercitive (which is at the same time 
the inductive) force, cause it to return upon its path and re- 
appear in its first place (1245. 1246.) Here induction appears 
to be a necessary preliminary to conduction. It, of itself, brings 
the contiguous particles of the dielectric into a certain condition, 
which, if retained by them, cohstitutes imulation^ but if low'- 
ered by the communication of power from one particle to 
another, constitutes 

1324. If gla&s or sAc/Wac*be the substances under consider- 

ation, the same capabilities of siifiering either induction or con- 
duction throughthemippear(1233. 1239.1247.), but not in the 
same degree. The conduction almost disappears ( 1 239. 1 242.) ; 
the induction therefore is sustained, i. e. the polarized state 
into which the inductive force bis brought the contiguous par- 
ticles is retained, there being little di8charj|^:action between 
them, and therefore the insulation continues. But, what dis- 
charge there is, appears to be consequent upon that condition 
of the particles into which the induction throws them ; ^nd thus 
it is that ordinary insulation and conduction are closely asso- 
ciated together, or rather are exfreme cases of one Common 
con*ditioi^ • 

1 325. In ice or water w'e have a better conductor than sperm- 
aceti, and the phenomena of induction and insulation therefore 
(mickly disappear, because conduction quickly follows upon 
me assumption of the inductive state. But let a plate^^of cold 
ice have metallic coatings on its sides, and connect one of 
these with a good electrical machine in work, and the other 
with the ground, and it then becomes easy to observe the 
phenomena of induction through the ice, by the electrical ten- 
sion which can be obtamed and continuedon both the coatings 
(419* 426.) For although that portion of power which at one 
moment gave the inductive condition to the particles is at the 
next lowered by the consequent discharge due to the conduc- 
tive act, it is succe^ed by another portion of force from the 
machine to restore the inductive state. If the ice be converted 
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into water, the same succession of actions can be just as easily 

E oved, provided the water be distilled, and, (if the machine 
I not powerful enough) a voltaic battery be employed. 

1 326 . All these considerations impress my mind strongly with 
the conviction, that insulation and ordinary conduction cannot 
be properly separated when we are examining into their nature; 
that is, into Uie general law or laws under which their phe- 
nomena are produced. They appear to me to consist in an 
action of contiguous particles, uependent on the forces devel- 
oped in electrical excitement ; these forces bring the particles 
into a state of tension or polarity, which constitutes both indue-- 
Hon and insulation ; and being in this state, the c^^nuous 
particles have a power or capability of communicating their 
forces one to the other, by which they arc lowered, and dis- 
charge occurs. ' Every bouy appears to discharge (444) ; but 
the possession of this capability in a greater or smatter degree 
in different bodies, makes them better or worse ponductors, 
worse or better insulators ; and both induction and conduction 
appear to be the same in their principle and action (1320.), 
except that in the latter an effect common to both is raised to 
the highest degree, wl^ereas in the former it occurs in the best 
eases, in only an almost insensible quantity. 

1327. That in our attempts to penetrate into the nature of 
electrical action, and to deduce laws more general than those 
we are atpre&entacquaintedwitii, we should endeavor to bring 
apparently oppofiit^ effects to stand side by side in harmonious 
arrangement, is in opinion of long standing, and sanctioned 
by the ablest philosophers. I hope, therefore, I may be ex- 
cused the attempt to look at the highest eases of conduction 
as analagous to, or even the same in kind with, those of induc- 
tion and insulation. 

1328. If we consider the slight penetration of sulphur (1241. 
1242.) or shell-lac ( 1 234 .) by electricity, or the feebler insulation 
sustained by spermaceti (11^79. 1240.), as essential conse- 
quences and indications of their conducting power, tlien may 
we teok on the resistance of metallic wires to the passage of 
electridhy through them as insulating power. Of uie numer- 
ous well known cases fitted to shew this resistance in what are 
called the perfect conductors, Jbhe experiments of Professor 
Wheatstone best serve my present purpose, since they were 
carried to such an extent as to shew^ that time entered as an 
element into the conditions of conduction* even in metals. 
When discharge was made through a copper wire 2640 feet 
inlengt^; and l-*15th of an inch in diameter, so that the lu- 


• Philosophical TransacUons J83I, p. 583, 
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luiiiouB sparks at each end of the wire, and at the middle, 
could be observed hi the same place, the latter was found to 
be sensibly behind the two former in time, they being by the 
conditions of the experiment, simultaneous. Hence a proof 
of retardation ; and what reason can be given why this retard- 
ation should not be of the same kind as that in spermaceti, or 
in lac, or sulphur ? But as, in them, retardation is insula- 
tion, and insulation is induction, why should we refuse the 
same relation to the same exhibitions of force in the metals. 

1329. We learn from the experiment, that if time be allowed 
retardation is gradually overcome ; and the same thing obtains 
for the spermaceti, the lac, and glass ; give but time in pro- 
portioi). to the retardation, and the latter is at last vanquished. 
But if that be the case, and all the results j^e alike in kind, 
the only difference being in the length of time, why should we 
refuse to metals the previous inductive action, which is ad- 
mitted to occur in the other b6dies ? 'Fhe diminution of time 
is no negation of the action ; nor is the lower degree of tension 
requisite to cause thp forces to traverse the metal, as compared 
to that necessary in the CRses of water, spermaceti, or lac. 
These differences would only point to the conclusion, that in 
metals the particles tinder induction can transfer their forces 
when at a lower degree of tension or polarity, and with greater 
facility than in the instances of the other bodies. 

1330. Let us look at Mr. Wheatstone’s beautiful experiment 
in another point of view. If, leaving the artangement at the 
middle and two ends of the long copper wire unaltered, we 
remove the two intervening portions and replace them by 
wires of iron or platina, we shall have a much greater retar- 
dation of the middle spark than before. If, removing the 
iron, we were to substitute for it only five or six feet of water 
in cylinder of the same* diameter as the metal, we should 
have still greater retardation. If from water we passed to 
spermaceti, either directly br by gradual steps through other 
bodies, (even though we might vastly enlarge the bulk, for 
the purpose of evading the occurrence of a spark elsewhere 
(1331.) than at the three proper intervals,) we should have 
still greater retardation, until at last we might arrive, by 
degrees so smsll as to be inseparable from each other, at 
actual and permanent insulation.. W'hat, then, is to separate 
the principle of these two extremes, perfect conduction and 

! )erfect insulation, from each other; since the moment we 
eave in the smallest degree perfection at either extremity, we 
involve the element of perfection at the opposite end ? 
Kspecially too, as wc have not in nature the case of ])erfection 
either at one extremitv or the other, either of insulation or 
conduction. 



86 Df. Fai:aday*s Researches in Electricity. 

1331. Ag^b, to return to this beautiful experiment in the 
varibus forms which may be given to it : the forces are not all 
in the wire (after they have left the Leyden jar) during the 
whole time ( 1328.) occupied by the discharge ; they are dis- 
posed in part through the surrounding dielectric under the 
well-known form of induction ; and if that dielectric be air, 
induction takes place from the wire through the mr to sur- 
rounding conductors, until the ends of the wire are electri- 
cally related through its length and discharge has occurred^ 
i.' e. for the time daring which the middle spark is retarded 
beyond the others. This is well shewn by the old experiment, 
in which a long wire is so bent that two parts (Plate 2, 
fig. 1. a. b.) near its extremities shall approach within a short 
distance, as a qu^ter of an inch, of each other in the air. If 
the discharge of It Leyden jar, charged to a safficien||degree, 
bB sent through such a wire, by far the largest portion of the 
ebptricity will pass as a . spark across the air at tib interval, 
and not % the metal. Does not the middle part of the wire, 
therefore, act here as an insulating medhim*) though it be of 
metdl ? and is not the spark through the air an indication of 
the tension (simultaneous with induction) of the electricity in 
the ends of this single wire ? Why should not the wire and 
the air both be regarded at dielectrics ; and the action at its 
commencement, and whilst there is tension, as an inductive 
action ? it acts through the contorted lines of the wire, so 
it also dom in curved lines through air (1219* 1224.), and 
other insulating dielectrics (1228.) ; and we can apparently 
go so far in the analogy, whilst limiting the case to tne induc- 
tive action only, as to shew that amongst insulating dielectrics 
some leacf away the Imes of fpree from others (1229.), as the 
wire will do from worse conductors, though in it the principal 
effect is no^ doubt due to the ready discharge between the 
particles whilst in a low state of tension. The retardation is 
for the time insulation ; and it seems to me we may just as 
fairl]^ compare the air at the interval a, b, (fig. 1.) and the«. 
wire in the circui|, as two bodies of the same kind and actmg' 
ikpxm the^same principles, as far as the first inductive pheno- 
mdno are concerned, notwithstanding the different forms of 
dh^arge which ultimately follow,* as we may compare, 
according to Coulomb’s investigations,! different lengths of 
different insulating bodies required to produce the same 
amount of msulating effect. 

* These will be examined hereafter (1348, &c.) 

t Memeires de P Academic, 1785, p. 612, or Edc^. Brltann, First Snpp. 
TOl. I, p. 611. 
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1332 This comparison is still more striking when we take 
into consideration the experiment of Mr. Harris/in which he 
stretched a fine wire across a glass globe, the air within being 
rarefied.* On sending a charge through the joint arrange- 
ment of metal and rare air, as much, if not more, electricity 
passed by the latter as by the former. In the air, rarefied as 
It was, there can be no doubt the discharge was preceded by 
induction (1284.) ; and to ony mind all the circumstances 
indicate that the same was the case with the metal ; that, in 
fact, both substances are dielectrics, exhibiting the same effects 
in consequence of the action of the same causes, the only 
variation being one of degree in the different substances 
employea! 

1333. Judging on these principles, velocity of discharge 
through the same wire may be varied greatly by attending tp 
the cirumstances which cause variations of discharge through 
spermacel^^j or sulphur. Thus, for instance, it must vary 
with the tenswn or intensity of the first urging force (1234. 
1240.), which tension is charge and induction. So if the two 
ends of the wire, in' Professor Wheatstone's experiment, were 
immediately connected with two large insulated metallic sur- 
faces exposed to the^^air, so that the primary act of induction, 
after making the contact for discharge, might be in part 
removed from the internal portion of the wire at the fii^st 
instant, and disposed for the moment on its surface jointly 
with the air and surrounding conductors, then venture to 
anticipate that the middle spark would be more regarded than 
ojfore ; and if these two plates were the inner and outer coa^ng 
of a large jar or a Leyden battery, then the retardation of ^that 
spark would be still greater. 

1334. Cavendish was perhapk the first to shew distinctly 
that disrharge was not always % one channel,t but, if several 
are present, by many at once. We may make these different 
channels of different bodies, and by proportioning tlieir thick- 
nesses and lengths, may include such substances as air^ lac, 
spermaceti, water, protoxide of iron, iron and. silver, and by 
one discharge make each convey its proportion of the« electric 
force. Perhaps the air ought to be excepted, as its discharge 
by conduction is questionable at present ; but the others may 
all be limited in their mode of discharge to pure conduction. 
Yet several of them suffer previous induction, precisely like 
the induction through the air, it being a necessary preliminary 
to their discharging action. How can we therefore separate 

* Philosophical Transactions, 1834, p. 242. 

t Philosophical Transactions, 1776, p. 197. 
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any one of these bodies from the others, as to the principles 
and mode of insulating and conducting, except by mere de- 
gree ? All seem to me to be dielectrics acting alike, and under 
the same common laws. 

1335. I might draw another argument in favor of the 
general sameness, in nature and action, of good and bad con- 
ductors (and all the bodies I refer to are conductors more or 
less), from the perfect equipoise in action of v(a*y different 
bodies when opposed to each other in magneto-electric induc- 
tive action, as formerly described (213.), but am anxious to 
be as brief as is consistent with the clear examination of the 
probable truth of my views. 

1336. With regard to the possession by the gases of any 
conducting power of the simple kind now under consideration, 
the question is a very difficult one to determine at present. 
Experiments seem to indicate that they do insulate certain 
low degrees of tension perfectly, and that the effects which 
may have appeared to be occasioned by conduction have been 
the result of the carrying power of thg charged particles, 
either of the air or of dust, in it. ^ It is equally certain, how- 
ever, that with hiffher degrees of tension or charge they dis- 
charge to one another, and that is conduction. If they possess 
the power of insulating a certain low degree of tension con- 
tinuously and perfectly, such a result ^ay be due to their 
peculiar physical state, and the condition of separation under 
which their particles are placed. But in that, or in any case, 
wc must not forget the fine experiments of Cagniard de la 
Tour,* in which he has shewn that liquids and their vapors 
can be made to pass gradually into each other, to the entire 
removal of any marked distinction of the two states. Thus, 
hot dry steam and cold wat&r pass by insensible gradations 
into each other; yet the one is amongst the gases as^n insu- 
lator, and the otner a comparatively good conductor. As to 
conducting power, therefore, the transition from metals even 
up to gasos is gradual ; substances make but one series in this 
respect, and the various cases must come under one condition 
ana law (444.) The specific differences of bodies as to con- 
ducting power only serve to strengthen the general argument 
that conduction, like insulation^ is a result of induction, and 
is an action of contiguous particles. 

1337. Imig^t go on now to consider induction and Us 
concomitant, conduction^ through mixed dielectrics, as, for 
instance, when a charged body, instead of acting across air 
to a distant uninsulated conductor, acts jointly through it and 


• Aiinalesdc Cbiinie^ xxi. pp.127.178. or Quarterly Journal of Science, x?.145. 
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an interposed insulated conductor. In such a casc^ the air 
and the conducting body are the mixed dielectrics ^ and the 
latter assumes a polarized condition as a mass, like that which 
my theory assumes each particle of the air to possess at the 
same time. But 1 fear to be tedious in the present condition 
of the subject, and hasten to the consideration of other matter. 

1338. To sum up, in some degree, what has been said, 1 
look upon the first effect of an excited body upon neighbouring 
matters to be the production of a polarized state of their par- 
ticles, which constitutes induction ; and this arises from its 
action upon the particles in immediate contact with it, which 
again act uppn those contiguous to them, and thus the forces 
are transferred to a distance. If the induction remain undi- 
minished, then perfect insulation is the consequence; and 
.he higher the polarized condition which the particles can ac- 
quire or maintain, the higher is the intensity which may be 
given to the acting forces. If, on the contrary, the contigu- 
ous particles, upon acquiring the polarized state, have the 
power to communicate their forces, then conduction occurs, 
and the tension is Ibwered, conduction being a distinct act of 
discharge between neighbouring particles. The lower the 
state of tension at which this discharge between the particles 
of a body takes place, the better conductor is that body. In 
this view, insulators may be said to be bodies whose particles 
can retain the polarized state : whilst conductors are those 
whose particles cannot be permanently polarized. If I be 
right in my view of induction, then I consider the reduction 
of these two effects (which have been so long held distinct) to 
an action of contiguous particles obedient to one common law, 
as a very important result; and, on the other hand, the 
identity of character which the two acquire when viewed by 
the theory^ (1326.), is additional presumptive proof in favor 
of the correctness of the latter. 


cl 339. That heat has great influence over 6im[)le conduction 
is 'well known (445.), its effect being, in some cases, almost 
an entire change of the characters of the body (432. 1340.) 
Harris has, however, shewn that it in no respect affects gas- 
eous bodies, or at least air ;* arfd Davy has taught us that, as 
a class, metals have their conducting power diminished by it.t 
1340. I formerly described a substance, sulphuret of silver, 
whose conducting power was increased by neat (433. 437. 
438.) ; and I have since then met with another as strongly 

* PhiloBaphical Transactions, 1 834, p. 230. 
t Ibid. l»2l. p. 431. 

VoL. V. — No. 26, August^ 1840. 


M 



9P Dr. Faraday’s Researches in Electricity. 

affected in the same way : this is fluoride of lead. When a 
piece of that substance, which had been fused and cooled, was 
introduced into the circuit of a voltaic battery, it stopped the 
current. Being heated, it acquired conducting powers before 
it was visibly red hot in daylight ; and even sparks could be 
taken against it whilst still solid. The current alone then 
raised its temperature (as in the ease of sulphuret of silver) 
until it fused, after which it seemed to conduct as well as the 
metallic vessel containing it; for whether the wire used to 
complete the circuit touched the fused fluoride only, or was in 
contact with the piatina on which it was supported, no sensible 
difference in the current was observed. During all the time 
there was scarcely a trace of decomposing action on the 
fluoride, and what did occur seemed referable to the air an^ 
moisture of the atmosphere, and not to electrolytic action. ; 

1341. I have now very little doubt that periodide of mer- 
cury (414. 448. 091.) is a Case of the same kind, and also 
corrosive sublimate (092). I am also inclined to think, since 
making the above experiments, that the anomalous action of 
the protoxide of antimony, for;merly observed and described 
(093. 801.), may be referred in part to the same cause. 

1342. I have no intention at preset! t of going into the par- 
ticular relation of heat and electricity, but we may hope here- 
after to discover by experiment the law which probably holds 
together all the above cllects with those of the evolution and 
the disappearance of heat by the current, and the striking and 
beautiful results of thermo-electricity, in one common bond. 

^ viii. Electrolytic Discharge. 

1343. I have already expressed in a former paper (1164.) 
the view by which I hope to associate ordinary induction and 
electrolyzation. Under that view, the discharge of elec- 
tric forces by electrolyzation is rather an effect superadded, 
in a certain class of bodies, to those already described as con- 
stituting induction and insulation, than one independent of, 
and distinct from, these phenomena. 

1344. Klectrolytes, as respects their insulating and con- 
ducting forces, belong to the general category of bodies 
(1320. 1334,); and if they are in the solid state (as nearly all 
can assum§ that state), they retain their place, presenting 
then no nJw phenomenon (426, &c.) ; or if one occur being 
in so small a proportion as to be almost unimportant. When 
liquefied, they also belong to the same list whilst the electric 
intensity is below a certain degree ; but at a given intensity 
(910.912. 1007.), fixed for each, and very low in all known cases, 
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they play a new part, causing discharge in proportion (783.) 
to the developement of certain chemical effects of combination 
and decomposition ; and at this point, move out from the 
the general class of insulators and conductors, to form a dis- 
tinct one by themselves. The former phenomena have been 
considered (1320. 1338.) ; it is the latter which have now to 
be revised, and used as a test of the proposed theory of 
induction. 

1345. The theory assumes, that the particles of the dielec- 
tric (now an electrolyte) are in the first instance brought, by 
ordinary inductive action, into a polarized state, and raised to 
a certain degree of tension or intensity before discharge com- 
mences ; the inductive state being, in fact, a necessary 
preliminary to discharge. By taking advantage of those cir- 
cumstances which bear upon the point, it is not difficult to 
increase the tension indicative of this state of induction, and 
so make the state itself more' evident. Thus, if distilled 
water be employed, and a long narrow portion of it placed 
between the electrodes of a powerful voltaic battery, we have 
at once indications\3f the intensity which can be sustained at 
these electrodes by the inductive action through the water as 
a dielectric, for sparks TOiay be obtained, gold leaves diverged, 
and Leytien bottles charged at their wires. The water is in 
the condition of the spermaceti (1322. 1323.), a bad conductor 
and a bad insulator ; but what it does insulate is by virtue of 
inductive action, and that induction is the preparation for, and 
precursor of, discharge (1338.) 

134G, The induction and tension which appear at the limits 
of the portion of water in the direction of the current, ate only 
the sums of the induction and tension of the contiguous par- 
ticles between those limits ; and the limitation of the inductive 
tension, to a certain degree shews (time entering in each case 
as an important element of the result), that when the par- 
ticles have acquired a certain relative state, discharge^ or a 
transfer of forces equivalent to ordinary conduction, takes 
place. 

1347. In the inductive condition assumed by water before 
discharge comes on, the particles polarized are the particles 
of the water ^ that being the dielectric used; but the discharge 
between particle and particle is not, as before, a mere inter- 
change of their powers or forces at the polar parts, but an 
actu^ separation of them into their two elementary particles, 
the oxygen travelling in one direction, and carrying with it 
its amount of the force it bad acquired during the polarization, 
and the hydrogen doing the same thing in the other direction, 
until they each meet the next approaching particle, which is 
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in the satne electrical state with that they have left, and by 
association of their forces with it, produce what constitutes 
discharge. Tliis part of the action may be regarded as a 
carrying one (1319.), performed by the constituent parti- 
cles of the dielectric. The latter is always a compound 
body (664. 823.); and by those who have considered the 
subject and are acquainted with the philosophical view of 
transfer which was first put forth by Grotthuss,* its particles 
may easily be compared to a series of metallic conductors un- 
der inductive action, which, whilst in that state, are divisible 
into these elementary movable halves. 

1348. Electrolytic discharge depends, of necessity, upon 

the non-conduction of the dielectric as a whole, and there are 
two steps or acts in the process : first a polarization of the 
molecules of the substance, and then a lowering of the forces 
by the separation, advance in, opposite directions, and recom- 
bination of the elements of the molecules, they being, as it 
were, the halves of the originally polarized conductors or 
particles. * ^ 

1349. These views of the decomposition of electrolytes and 
the consequent effect of discharge, which, as to the particular 
case, are the same with those of Grolthuss (48 E) and Davy 
i(482.), though they differ from those of Biot (48/.) De la 
Rive (490.), and others, seem to me to be fully in accordance 
not merely with the theory I have given of induction generally 
(1165.), but with all the known of common induction, 
conduction, and electrolytic discharge ; and in that respect 
help to confirm, in my mind, the truth of the theory set forth. 
The new mode of discharge which electrolyzation presents 
must surely be an evidence of the action of contiguous par- 
ticles ; and as this appears to depend directly upon a previous 
inductive state, which is the same with common induction, it 
greatly strengthens the argument which refers induction in all 
cases to an action of contiguous particles also (1295, &c.). 

1350. As an illustration of the condition of the polarized 
particles in a dielectric under induction, I may describe 'an 
experiment. Put into a glass vessel some clear rectified oil 
of turpentine, and introduce two wires passing through glass 
tubes where they are at the Surface of the fluid, and termi- 
nating either in balls or points. Cut some very clean dry 
white silk into small particles, and put these also into the li- 
quid; then electrify one of the wires by an ordinary machine 
and discharge by the other. The silk will immediately gather 
from all parts of the liquid, and form a band of particles 


* Annals (1« Cliimic, Iwiii. 60 and Ixiii. 
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reaching from wire to wire, and if touched by a gla,ss rod will 
shew considerable tenacity ; yet the moment the supply of 
electricity ceases, the band will fall away and disappear by 
the dispersion of its parts. The conduction by the silk is 
in this case very small ; and after the best examination I 
could give to the effects, the impression on my mind is, that 
the adhesion of the whole is due to the polarity which each 
filament acquires, exactly as the particles of iron between the 
poles of a horse-shoe magnet are held together in one mass by 
a similar disposition of forces. The particles of silk therefore 
represent to me the condition of the molecules of the dielec- 
tric itself, which I assume to be polar, just as that of the silk 
is. In all cases of conductive discharge the contiguous polar- 
ized particles of the body are able to effect a neutralization 
of their forces with greater or less facility, as the silk does 
also in a very slight degree. Further we are not able to 
carry the parallel, except in imagination ; but if we could 
divide each particle of silk into two halves, and let each half 
travel until it met and united with the next half in an opposite 
state, it woulCL then exert its carrying power (1347.), and so 
far represent electrolytic discharge. 

1351. Admitting that electrolytic discharge is a conse- 
quence of previous induction, then how evidently do its 
numerous cases point* to induction in curved lines (1216.), 
and to the divergence or lateral action of the lines of induc- 
tive force (1231.), and so strengthen that part of the general 
ai'gument in the former paper 1 If two balls of platina, form- 
ing the electrodes of a voltaic battery, are put into a large 
vessel of dilute sulphuric acid, the whole of the surfaces are 
, ;overed with the respective gases in beautifully regulated pro- 
Jportions, and the mind has no difficulty in conceiving the di- 
' rection of the curved lines of discharge, and even the intensity 
of force of the^different lines by the quantity of gas evolved 
upon the different parts of the surface. Hence the general 
effects of diffusion y the appearance of the anions or cathions 
rbund the edges on the further side of the electrodes when in 
the form of plates; the manner in which the current or dis- 
charge will follow all the forms of electrolyte, however con- 
torted. Hence the effects which Nobili has so well examined 
and described* in his. papers on the distribution of currents 
in conducting masses. All these effects indicate the direction 
of the currents or discharges which occur in and through 
the didectrics, and these are in eyerjr case preceded by 
equivalent induetive actions of the contiguous particles. 


* Bibliothe<|ao Unlrer:»elle, 1S35, Ux.26a, 416. 
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1352. Hence also the advantage, when the exciting forces 
are weak or require assistance, of enlarging the mass of the 
electrolyte ; of increasing the size of the electrodes ; of 
making the coppers surround the zincs : — all is in harmony 
with the view of induction which lam endeavoring to examine ; 
I do not perceive as yet one fact against it. 

1353. There are many points of electrolytic discharge which 
ultimately will require to be very closely considered, though 
I can but slightly touch upon them. It is not that, as far as 
I have investigated them, tliey present any contradiction to 
the view taken (for I have carefully, though unsuccessfully, 
sought for such cases), but simply want of time as yet to 
pursue the inquiry, which prevents me from entering upon 
them here. 

1354. One point is, that different electrolytes or dielectrics 
require different initial intensities for their decomposition 
(912). I'his may depend upon the degree of polarization 
which the particles require before electrolytic discharge 
comrAcnces. It is in direct relation to the chemical affinity 
of the substances concerned ; and will probably be found to 
have a relation or analogy to the specific inductive capacity 
of different bodies (1252. 1296.). It thus promises to assist 
in causing the great truths of those extensive sciences, which 
are occupied in considering the forces of the particles of 
matter, to fall into much closer order and arrangement than 
they have heretofore presented. 

1355. Another point is, the facilitation of electrolytic 
conducting power or discharge by the addition of substances 
to the dielectric employed. This effect is strikingly shewn 
where water is the body whose qualities are improved, but, as 
yet, no general law governing all the phenomena has been de- 
tected. Thus some acids, as the sulphuric, phosphoric, oxalic, 
and nitric, increase the power of water enormously ; whilst 
others, as the tartaric and citric acids, give but little power ; 
and others, again, as the acetic and boracic acids, do not 
produce a change sensible to the voltameter (739.). Ammonia 
produces no effect, but its carbonate does. The caustic 
alkalies and their carbonates produce a fair effect. Sulphate 
of soda, nitre (753.), and mafiy soluble salts produce much 
effect. Percyanidc of mercury and corrosive sublimate pro- 
duce no effect ; nor does iodine, gum, or sugar, the test being 
a voltameter. In many cases the added substance is acted 
on either directly or indirectly, and then the phenomena are 
more complicated ; such substances arc muriatic acid (758.), 
the soluble protochlorides, (766.), and iodides (769.), nitric 
acid (752.), &c. In other cases the substance added is not, 
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when alone, subject to, or, a conductor of the poyrcrs of the 
voltaic battery, and yet both gives and receives power when 
associated with water. M. de la Rive has pointed this result 
out in sulphurous acid/ iodine and brominet ; the chloride of 
arsenic produces the same effect. A. far more striking case, 
however, is presented by that very influential body sulphuric 
acid (681.), and probably phosphoric acid also is in the same 
peculiar relation. 

1.356. It would seem in the cases of those bodies which 
suffer no change themselves, as sulphuric acid (and perhaps 
in all), that they affect water in its conducting powder only as 
an electrolyte ; for whether little or much improved, the decom- 
position is proportionate to the quantity of electricity passing 
(727. 7.30.), and the transfer is therefore due to electrolytic 
discharge. This is in accordance with tlie fact already stated 
as regards water (984.)^ that the conducting power is not 
improved for electricity of forCe below the electrolytic inten- 
sity of the substance acting as the dielectric ; but both facts 
(and some others)^ ai;e against the opinion which I formerly 
gave, that the power of salts, &c, might depend upon their 
assumption of the liquid state by solution in the water 
employed (410.). It bccurs to me that the effect may perhaps 
be related to, and have its explanation in differences of specific 
inductive capacities. « 

1357. I have described in the last paper, cases, where 
shell-lac was rendered a conductor by absorption for ammonia 
(1294.). The same effect happens with muriatic acid; yet 
both these substances, when gaseous, are non-conductors ; and 
the ammonia, also when in strong solution (748.). Mr. 
Harris has mentioned instances^: in which the conducting 
power of metals is seriously altered by a very little alloy. 
These may have no relation to the former cases, but never- 
theless should not be overlooked in the general investigation 
which the whole question requires. 

J358. Nothing is perhaps more striking in that class of 
dielectrics which we call electrolytes, than the extraordinary 
and almost complete suspension of their peculiar mode of 
effecting discharge when they are rendered solid (380, &c.), 
even though the intensity of' the induction acting through 
them maybe increased a hundred fold or more (419.). It 
not only establishes a very general relation between tlie 
physical properties of these bodies and electricity acting by 

* Quarterly Journal, xx?iL 407. or Bibliothequc Universclle, xl. 205. Kemp 
says sulphurous acid is a very p;ood conductor, Quarterly Journal, 1831, p. 613. 

t Quarterly Journal, xxiv. 405, or Annales de Chimie, xxxv. 161. 

X Pliilosophical Transactions, 1827, p 22. 
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induction through them, but draws both their physical and 
chemical relations so near together, as to make us hope we 
shall shortly arrive at the full comprehension of the influence 
they mutually possess over each other. 

% ix Disruptive discharge and insulation* 

1359. The next form of discharge has been distinguished 
by the adjective disruptive itin every case displaces 
more or less the particles amongst and across which it suddenly 
breaks. I include under it, discharge in the form of sparks, 
brushes and glow (1405.), but exclude the eases of currents 
of air, fluids &c, which, though frequently accompanying the 
former, are essentially distinct in their nature. 

1360. The conditions requisite for the production of an elec- 
tric spark in its simplest form are well known. An insulating 
dielectric must be interposed betw'een two conducting surfaces 
in opposite states of electricity, and then if the actions be 
continually increased in strength, oj otherwise favored, 
either by exalting the electric a^ate of the’ two conductors, or 
bringing them nearer to each other, or diminishing the density 
of the dielectric, a spark at last appcars,and the two forces 
are for the time annihilated, for discharge has occurred. 

1361. The conductors (which may be considered as the 
termini of the inductive action) are in ordinary cases most 
generally metals, whilst the dielectrics usually employed are 
common air and glass. In my view of induction, however, 
every dialectric becomes of importance, for as the results are 
considered essentially dependent on these bodies, it was to be 
expected that difierences of action, never before suspected, 
would- be evident upon do%e examination, and so at once give 
fresh confirmation of the theory,* and open new doprs df dis- 
covery into the extensive and varied fields of our science. 
This hope was especially entertained with resjfect to the gases, 
because of their high degree of insulation, their uniformity in 
physical condition, and great difference in chemical properties. 

1362. All the effects prior to the discharge are inductive ; 
and the degree of tension which it is necessary to attain before 
the spark passes is, tbereforei in the examination I am now 
making of the new view of induction, a very important point. 
It is the limit of Ihe influence which the melectric exerts in 
resisting discharge ; it is a measure, consequently, of the con- 
servative power of the dielectric, which in its turn may be 
considered as becoming a measure, and therefore a representa- 
tive of the intensity of the electric forces in activity. 

1363. Many philosophers have examined the circumstances 
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of this limiting action in air, but, as far as I know, .none have 
come near Mr. Harris as to the accuracy with, and the extent 
to, which he has carried on his investigations.* Some of his 
results I must very briefly notice, premising that they are all 
obtained with the use of air as the dielectric between the con- 
ducting surfaces. 

1364. First as to the distance between the two balls used, 
or in other words, the thickness of the dielectric across which 
the induction was sustained. The quantity of electricity, 
measured by a unit jar or otherwise on the same principle with 
the unit jar, in the charged or inductive ball, necessary to 
produce spark discharge, was found to vary exactly with the 
distance between the balls, or between the discharging points, 
and that under very varied and exact forms of experiment.t 

1365. Then with respect to^ variation in the pressure or 
density of the air. The quantities of electricity required to 
produce discharge across a constant interval varied exactly 
with variations of the density ; the quantity of electricity and 
density of the air bping in tlie same simple ratio. Or, if the 
quantity was retained the same, whilst the interval and the 
density of the air were varied, then these were found in the 
inverse simple ratio of ^ach other, the same quantity passing 
across twice the distance with air rarefied to one half.f 

1366. It must be remembered that these eflects take place 
without any variation of the inductive force by condensation 
or rarefaction of the air. That force remains the same in 
air,§ and in all gases (1284. 1292), whatever their rarefac- 
tion may be. 

1367. Variation of the temperature of the air produced no 
variation of the quantity of electricity required to cause 
discharge across a given interval. || * 

Such are the general results, which I have occasion for at 
present, obtained by Mr. Harris, and they appear to me to be 
unexceptionable. 

^368. In the theory of induction founded upon a molecular 
action of the dielectric, w e have to look at the state of that 
body principally for the cause and determination of the above 
effects. Whilst the induction continues, it is assumed that 
the particles of the dielectric ai*^ in a certain polarized state, 
the tension of this state rising higher in each particle as the 
induction is raised to a higher de^ee, either by approxima- 
tion of the inducing surfaces, variations of form, increase of 


* Philosophical Transactions, 1834, p. 223. f lbid. i Ibid. p. 229. 
§ Ibid. pp. 2S7, 244. || Ibid. p. 230. 

VoL. V. — Jfo. 26,fAugusty 1840. 
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^.origmal force* or otlier means p until at last, the tension 
of Ihe particles haviug reached the utmost degree which they 
sustain writbout, ^subversion of the whole arrangement, 
discharge hrnnhdiately Mter takes place. 

. 1:3G9,> The theory does not assume, however, that all the 
partigclos of the dielectric; subject to the inductive action are 
affected to the same amount, or acquire the same tension. 
What has been called the lateral action of the lines of induc- 
tive force (1231. 1297.), and the diverging and occasionally 
curved form of these lines is against such a notion. The 
idea is, that any section taken through the dielectric across 
the lines of inductive force, and including all of ihem^ would 
be equal, in the sum of the forces, to the sum of the forces 
in any other section ; and th|t, therefore, the whole amount 
of tension for each such section would be tlje same. 

1370. Discharge probablj^ occurs, not when all the par- 
ticles have attained to a certain degree bf tension, but when 
that particle which is igaost affected has been exalted to the 
subverting or turning point (1410.). T^r though all the 
particles in the line of induction resist charge', and are asso- 
ciated in their actions so as to give a sum of resisting force, 
yet when any one is brought up to the overturning point, all 
must give way in the case of a spark between ball and ball. 
The breaking down of that one must of necessity cause the 
whole barrier to be overturned, for it was at its utmost degree 
of resistance when it possessed the aiding power of that one 
particle, in addition to the power of the rest, and the power 
of that one is now lost. Hence tension or intensity^ may, 
accorcling to the theory, be considered as represented by the 
particular condition of the^ particles, or the amount in them of 
forced vjiriation from their normal state (1298. 1368.) 

1371. The whole effect prodfleed by a charged* conductor 
on a distant conductor, insulated or not, is by my theory as- 
sumed to be due to an action propagated from particle to 
particle of the intervening and insulating dielectric, the parti- 
cles being considered as thrown for the time being into a forced 
condition, from which they endeavor to return to their normal 
or natural state. I'he theory, therefore, seems to supply an 
easy explanation of the influence of distance in affecting in- 
duction (1303. 1364.). As the distance is diminished induc- 
tion increases ; for there are then fewer particles in the line of 
inductive force to oppose their resistance to the assumption of 
the forced or polarized state, and vice versa. Again, as the 

Sec Harris on proposed particular meamng of theso terms, Philosophical 
Transactions, ISai, p. 322. 



Dr. Faraday*B\Be^^eAe5 in Electricity. 99 

distance diminishes, discTiarge across happens with a lower 
charge of electricily ; for if, as in Harris’s experiments (1364.), 
the interval be diminished to one half, then -half the electricity 
required to discharge across the first interval is sufficient to 
strike across the second ; and it is evident, also, that at that 
time there are only half the number of interposed molecules 
uniting their forces to resist the discharge. 

1372. The effect of enlarging the conducting surfaces which 
are opposed to each other in the act of induction, is, if the 
electricity be limited in its supply, to lower the intensity of 
action ; and this follows as a very natural consequence from 
the increased area of the dielectric across which the induction 
is effected. For by diffusing the inductive action, which at 
first w^as exerted through one square inch of sectional area of 
the dielectric, over two or three square inches of such area, 
twice or three times the number of molecules of the dielectric 
arc brought into a polarized condition, and employed in sus- 
taining the inductive action, and consequently the tension be- 
longing to the smallci number on which the limited force was 
originally siccumulated, inustTall in a proportionate degree. 

1373. For the same reason diminishing these opposing 
surfaces must increase the intensity up to the condition even 
of their becoming points, liut in this case, the tension of the 
particles of the dielccttic next the points is higher than that of 
particlcs^ midway, because of the lateral action and consequent 
bulging, as it were, of the lines of inductive force at the mid- 
dle distance (1369.). 

1374. The more exalted effects of induction on a jjoiiit;?, 
or any small surface, as the rounded end of a rod, opposed to 
a large surface, as that of a ball or plate, than wdien it is op- 

to another point or eqd at the same distance, falls into 
armonious relation (1302.). For in the latter case, the small 
surface p is effected only by those particles which are brought 
into the inductive condition by the equally small surface of the 
opposed conductor, wdicrcas when that is a ball or plate the 
lines of inductive force from the latter are concentrated, as it 
were, upon the end p. Now though the molecules of the di- 
electric against the large surface may have a much lower state 
of tension than those against the similar smaller surface, yet 
they are also far more numejous, and, as the lines of inductive 
force converge towards a point, are able to communicate to 
the particles contained in any cross section (1369.) nearer the 
small surface an amount of tension equal to their own, and 
consequently much higher for each individual particle ; so that, 
at the surface of tlie smaller conductor, the tension of a parti- 
cle rises much, and if that conduclor were to terminate in a 



100 Dr. Faraday’s Researches in Electricity. 

point, the tension would rise to an infinite degree, except that 
it is limited, as before (1368.), by discharge. The nature of 
the discharge from small surfaces and points under induction 
will be resumed hereafter (1425. &c ). 

1375. Rarefaction of the air does not alter the intensity . xA 
inductive action (1284. 1287.) ; nor is there any reason, as far 
as 1 can perceive, why it should. If the quantity of electricity 
and the distance remain the same, and the air be rarefied one 
half, then, though one half of the particles of the dielectric are 
removed, the other half assume a double degree of tension in 
their polarity, and therefore the inductive forceig are balanced^ 
and tlio result remains unaltered as long as the induction and 
insulation arc sustained. But the case of discharge is very 
different ; for as there are only half the number of dielectric 
particles in the rarefied atmosphere, so these are brought up 
to the discharging intensity by half the former quantity of 
electricity ; discharge, therefore, ensues, 'tind such a conse- 
quence of the theory is in perfect accordance with Mr. Har- 
ris’s results (13()5.). 

1376. riie increase of electricity required to cause dis- 
charge over the same distance, when the pressure of the air 
or its density is incTcased, flows in a siVnilar manner, and on 
the same principle, from the molecular theory. 

1377. Here I think my view of induction has a decided ad- 
vantage over others, especially over that which refers the re- 
tention of electricity on the surface of conductors in air to the 
pressure of the atmosphere. The latter, is the view which, 
being adopted by Poisson and Biot,"*" is also, 1 believe, that 
generally received ; and it relates two such dissimilar things, 
as the ponderous air and the subtil and even hypothetical fluid 
or fluids of electricity, by gross mechanical relations; by, the 
bonds of mere static pressure. My theory, on the contrary, 
sets out at once by connecting the electric fgrees with the 
particles of matter ; it derives all its proofs, and even its origin 
in the first instance, from experiment ; and then, without aaay 
further assumption, seems to offer at once a full explanatidn 
of these and many other singular, peculiar, and, I think, here* 
tofore unrelated effects. 

1378. An important assisting experimental argument may 
here be adduced, derived from the difference of specific in- 
ductive capacity of different dielectrics (1269. 1274. 1278.). 
Consider an insulated sphere electrified positively and placed 
in the centre of another and larger sphere uninsulated, a uni- 
form dielectric;^ as air, intervening. The case is really that 


Ency. Britann. Supplemenf, vol. iv. Article Electricity, pp. 76, 81, &c. 
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of my Apparatus (1 187.), and also, in effect, that-of any ball 
electrified in a room and removed to some distance from irre- 
gularly formed conductors. Whilst things remain in this state 
the electricity is distributed (so to speak) uniformly over the 
surface of the electrified sphere. Ilut introduce such a di- 
electric as, sulphur or lac, into the space between the two 
conductors on one side only, or opposite one part of the inner 
sphere, andipimediatcly the electricity on the latter is diffused 
unequ^ly (1229. 1270. 1309.), although the form of the con- 
ducting surfaces, their distances, and the pressure of the at- 
mosphere remain perfectly unchanged. 

1379. Fusinieri took a different view from that of Poisson, 
Biot, and others, of the reason why rarefaction of air caused 
easy diffusion of electricity. He considered the effect as due 
to the removal of the obstacle which the air presented to the 
expansion of the substances, from which the electricity 
passed.* But platina balls shew the phenomena in vacuo as 
well as volatile metals and other substances ; besides which, 
when the rarefaotiofi is very considerable, the electricity 
passes with scarcely any rcsfstancc*, and the produ(;tion of no 
sensible heat ; so that, 1 think Fusinieri’s view of the matter 
is* likely to gain but few assents. 

1380. I have no need to remark upon the discharging or 

collecting power of flafliic or hot air. 1 believe, with Harris, 
that the mere heat docs nothing (1307.), the rarefaction only 
being influential. The effect of rarefaction has been already 
considered generally. (1375.) ; and that caused by the heat 
of a burning light, with the pointed form of gind the 

carrying pow'er of the carbonaceous ; ncles which for the 
time are associated with it, are fylly sufficient to account for 
all tjie effects. 


1381. We have now arrived at the important question, how 
win the inductive tension requisite for insulation and disrup- 
tive discharge be sustained in gasi^s, which, having the same 
physical state and also the same pressure and the same tern-- 
perature as afr, differ from it in specific gravity, in chemical 
qualities, and it may be in peculiar relations, which not being 
as yet recognised, are purely electrical (1361.)? 

1382. Into this question I can enter now only as far as is 
essential for the present argument, namely, that insulation and 
inductive tension do not depend merely upon the charged 
conductors employed, but also, and essentially, upon the intcr- 


• Bib.Unir. 1831. jdviii. 37.5. 
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of the mol^ular. action of its 

A gllbBET Vessel 0 '(fig. 13.)* was ground at the top 
aud hott^' Be a$ id 6e bj^ two ffround brass plates, 6 
and c ; &’eaiti^:a^twng‘bb!ic, with a slidingTod d teritiinated 
by A' bra^s ball and a ring above. The lower ^late 

waa cenn^tlJd inth a fobti'^opp^ock^ and soJiket, £?,/and g ; 
aij4 also with ,a brass baiV by means of a stem at- 
tached to it aqdrinterii^ ithe-soc^bt be fixed at various 

heights. The' nietalliia parta ot this apparatus were not var- 
nished, but the glas&was ihv^ll co^^ercd with a coat of shell-lac 
previouMy dissolved in alcohol. On exhausting the vessel at 
the air-pump, it could be filled with any other gas than air, 
and, in such cases, the gas so passed in was dried whilst enter- 
ing by fused chloride of calcium. 

1384. The other part of thc*apparatus consisted of two in- 
sulating pillars, h and /, to which were fixed two brass hidls, 
and through these passed two sliding rods, k and wi, terminated 
at each end by brass balls ; n is the end of an insulated con- 
ductor, which could be rendered cither positive or negative 
from an electrical machine ; o and p are wires connecting it with 
the two parts previously described, and y is a wire which, con- 
necting the two opposite sides of the collateral arrangements, 
also communicates with a good discharging train r (292.). 

1385. It is evident that the discharge from the machine 
electricity may pass either between s and /, or S and L. The 
regulation adopted in the first experiments was to keep s and 
/ with d^eir distance unchanged^ but to introduce first one gas 
and then another into the vessel </, and then balance the dis- 
charge at the one place against that at the other; for by 
making the inter^'al at u sufficiently small, all the discliArge 
would pass there, or making it sufficiently large itVould all 
occur at the interval v in the receiver. On principle it seemed 
evident, that in this way the varying interval u might be taken 
as a measure, or rather indication of the resistance to discharge 
through the gas at the constant interval v. The following are 
the constant dimensions. 


Ball .V .... ^. 0*93 of an inch. 
Ball S . . . 0-96 of an inch. 

Ball I 2*02 of an inch. 

Ball L . . . . 1*95 of an inch. 

Interval v . . . 0*62 of an inch. 


1386. On proceeding to experiment it was found that when 
air or any gas the receiver a, the interval u was not a fixed 



The drawing is to a scale of 1-6. 
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one ; it might he Altered Arpugh a ^rtaun.ra^gfi.of distano^^ 
and yet sparks pass either there at w in the ^ceiver. llie 
extremes were th^yeforb noted, i..e.^ the greatest distance short 
of that at which the discharge «^ok pl^e v in the 

gas, and the least di^itance/ short ^ Ifoaf at whiph^ 
took place at)/ in the air. Thus, wiW air in the, receiver, the 
extremes at w were 0*56 and 0;?9 of an iqch, the range of 0*23 
being one at which sparks pkssed :oCcaisioaalIy either at one 
interval or the -other. ' ^ 

1387, The small balls s ahd S^ COTild be tendered either 
positive or negative from the mhohine, apd as gases were ex- 
pected and were found to diflFcr from each other in relation to 
this change, the results obtained under these differences of 
charge were also noted. 

1388. The following is a table of results ; the gas named is 
that in the vessel a. The smallest, greatest, and moan inter- 
val at u in air is expressed in* parts of an inch, the interval v 
being constantly 0'62 of an inch. . 


• • 

• ^ 

Smallest. 

Greatest. 

Mean. 

( Air, s and S, pos. . . . 


0-60 

0-79 

0-695 

\ Air, s and S, neg. . . . 

. 

0*69 

0-68 

0-635 

( Oxygen, s and S, pos. 

1 Oxygen, s and neg. 


0-41 

0-50 

0-60 

0-52 

0-505 

0510 

f Nitrogen, 5 and S, pos. . 

• • 

0-55 

0-68 

0-615 

^.Nitrogen, s and S, neg. . 

% 

0-59 

0-70 

0-645 

f Hydrogen, s and S pos. . 

\ Hydrogen, s and S neg. . 


0*30 

0-44 

0-370 

. . 

0*25 

0-30 

0-275 

f Carbonic acid, s and S pos, 

i • 

0*56 

0-72 

0 640 

( Carbonic acid, s and S neg 

. • 

0-58 

0-60 

0-590 

( Olefiant gas, s and S f)os. 

• • 

0-G4 

0-86 

0-750 

\ Olefiant gas, s and S neg. 

• . 

069 

077 

0-730 

f Coal gas, s and S pos. . 


0-37 

0-61 

0-490 

\ Coal gas, s and S neg. . 

• . 

0-47 

0-58 

0 525 

( Muriatic acid gas, s and S 

pos. 

0-89 

1-32 

1-105 

( Muriatic acid gas, s and S 

neg. 

0-67 

0'75 

0-720 


1389. The above results were all obtained at one time. 
On other occasions other experiments were made, which gave 
generally the same results as to order, though not as to num- 
bers. Thus : 

Hydrogen, s and S pos. • • . 0*23 0*57 0*400 

Carbonic acid, s and S pos. . .0*51 ’1'05 0*780 

Olefiant gas, s and S pos. . • . 0*66 1*27 0*965 
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1 did not notice the di£Perencc of the barometer on the days of 
e:8:periTnent* 

1390. One would have expected only two distances, one 
for each interval, for which the discharge might happen either 
at one or the other ; and that the least alteration of either 
would immediately cause one to predominate constantly over 
the other. But that under common circumstances is not the 
case. With air in the receiver, the variation amounted to 0‘2 
of an inch nearly on the smaller interval of 0*0, and with mu- 
riatic acid gas, the variation ^was above 0*4 on the smaller 
interval of 0*9. Why is it that when a fixed interval (the one 
in the receiver) will pass a spark that cannot go across 0*G of 
air at one time, it will immediately after, and apparently un- 
der exactly similar circumstances, not pass a spark that can 
go across 0*8 of air ? 

1391. It is probable that part of this variation will be traced 
to particles of dust in the air drawn into and about the cir- 
cuit. I believe also that part depends upon a variable charged 
condition of the surface of tteglass vessel a. That the whole 
of the effect is not traceable to the. influence of circumstances 
in the vessel a, may be deduced from the fadt, that when sparks 
occur between balls in free air they frccjMently are not straight, 
and often pass otherwise than by the shortest distance. These 
variations in air itself, and at different parts of the very same 
balls, shew the presence and influence of circumstances which 
are calculated to produce effects of the kind now under con- 
sideration. 


( To be Continued.) 


XIII. — Experiments relative to *the propagation of Catoric 
in a Metallic Bar. By M. H. Schroedek^ Escj. Profes- 
sor of Natural Philosophy at Soleure. Communicated by 
the Author. 

It is well known that artificers in metal, advance generally 
enough the curious fact, that a metallic bar one end of which 
is placed in an ardent furnaee, and held by the other end 
until the heat has begun to be sensibly felt by the hand, will 
suddenlv cause a very considerable elevation of temperature 
to be felt, immediately on removing out of the fire the heated 
extremity of the bar, in order to expose it to the cold air, or 
even to plunge it in cold water. I know of no other experi- 
ments on the 6f)A)ject than those of M. Fischer, of Breslaw, 
(Pro^gend. Ann. 19, — 507), and those of Professor Mousson, 
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* By Mr. M. H. Schroeder. 

of Zuricb, who communicated them last year in the section of 
Natural Philosophy, at the meeting of Swiss Naturalists, 
held at Neufcbatel. These two philosophers seem not to 
doubt of the existence 'of the fact m question, but the former 
is or seems willing to attribute it to a variation in the con- 
ducting faculty of metals according to their temperature, 
whilst M. Mousson considers it as proving a developement of 
specific caloric, produced by a molecular compression which 
would be caused by the sudden cooling to which the metal 
was subjected. 4 

Having several reasons to doubt whether the truth of the 
fact or phenomena had been rigorously established by experi- 
ments made up to the present time, 1 undertook to convince 
myself, by decisive and direct experiments, wdiethcr the phe- 
nomena had existed or not, and in the latter case, to shew 
that a false explanation of other phenomena on the part of 
these philosophers, and a common illusion on the part of the 
artisans, are the only reasons for advancing a position so 
paradoxical. Now such happens to be the result at which I 
have arrived in inhknig use^of the means offered to us by 
thermo-electric forces of measuring the changes of tempera- 
ture ; and I have givep to the experiments which I am about 
to describe, another importance besides that of having served 
to demonstrate in a decisive manner, that the phenomena 
now in question has no existence whatever. 

I obtained a galvanometer of a very delicate and sensitive 
construction used in measuring thermo-electric currents, on 
the model of that which F eebner has recommended as most 
convenient for that purpose. It consists of a large band of 
copper, folded once round an astatic system consisting of two 
magnetized needles,* which could* oscillate freely on a gra- 
duated circle from degree to degree. A simple element of 
bismuth and antimony, communicating with the reservoirs of 
mercury, into •which the ends of the band of copper are 
plunged, gives to the needle a continued deviation from 
80* to 85 degrees, un applying solely the temperature of 
the hand to the point of the solder. 1 afterwards soldered 
even at the soldering point of the element of bismuth and 
antimony, one of the extreraijies of a bar of another metal, 
long enough to allow the free extremity to be exposed to 
the action of heat, without any direct influence being exercised 
on the solder of the section of bismuth and antimony, then 
keeping the eye invariably fixed on the needle, I awaited the 

• No upper needle ought to be above the upper side af the coil, aud-tbe 
lower needle withki the coil.— E dit. 

VoL. V. — No. 5}6, August, 1840. 
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time when, the temperature of the bar would become per- 
manent throughout its whole extent, which was easily 
observable by a constant deviation of the galvanometer. 
Immediately on the arrival of this moment, 1 removed, by 
an assistant, the source of heat, and plunged the red hot 
e;xtremity into cold water. If the sudden cooling of the red 
hot extremity of the bar had power to produce in any manner 
whatever an augmentation of the temperature of the other 
extremity, it is clear that this heat would be communicated 
to the point of the solder, and fliat the needle, before making 
a retrograde movement, which would be the effect of the cool- 
ing having commenced, ought first to manifest an instantaneous 
deviation, in the contrary direction, thereby indicating an 
augmentation of temperature. But what was the change in 
the circumstances of this experiment ? never have 1 been able 
to perceive the least sign of an effect approaching to this. 
The needle, on the contrary, remained each trial, immovable 
during some time, until perhaps the cooling had been com- 
municated to the point of the solder inithp ordinary manner, 
and then began immediately to* indicate the direct effect of 
cooling. I have repeated these experithents, unddl* very 
different circumstances with bands, with bars, with wires, 
with masses of different forms both of iron, of copper, of zinc, 
of brass, &c. giving them different leng*ths from two feet to 
half an inch ; making use of sources of beat of a temperature 
more or less elevated ; producing the sudden cooling some- 
times by the action of the air, sometimes by water, and at 
others by mercury ; and in making use of the thermo-electric 
element, a combination of any two metals ; but in no case did 
the needle indicate to me an augmentation of temperature 
after the the operation of cdoling. The result of these experi- 
ments being absolutely negative,* I judge it not nef.essary to 
describe them in detail ; but I conclude therefrom with cer- 
tainty that the fact in question does not exist.* 

This point once established, it remained for me at 
conveniently the experiments of M. Mousson, in order give 
the true explanation to the phenomena which he has observed. 
>Jo\v I am convinced, by a careful examination, that the ex- 
planation of them coincides wkh that of a well known pheno- 
menon, which may be observed easily by any thermometer in 
any degree sensitive, namely, that if the instrument be 
suddenly withdrawn from the source of heat, at the first mo- 
ment there will be seen a rapid elevation, after which the 
depression will commence. We know that this circumstance 
is owing to the sudden contraction of the small bowl of glass, 
and' to its diminution of volume, wfaidh surpasses during the 
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first moments the effect of the depression of temperature on 
the whole column of mercury. The phenomena which M. 
Moussoq has observed are quite analogous to this, and it 
appears to me that he has deduced consequences from it which 
cannot be admitted or maintained. 

Nevertheless the hypothesis which he has advanced, that a 
sudden cooling ought to cause a molecular compression, which 
in itself ought to become the means of developcment of specific 
caloric, appears to me to be admissible in a particular case, 
that is to say, when it acts on the interior parts of a mass 
heated throughout its whole extent, at the first moment wherein 
the eai/erior surface is cooled with sufficient rapidity. 

I hope however, to be able to demonstrate this fact by 
experiments. In this instance, I took a small cylinder of 
iron, in the upper side of which I inserted a spiral iron wire 
sufficiently strong for the purpose. I covered this cylinder 
up to half its height in a crucible, leaving the principal points 
bare, then I soldered a copper wire of nearly two lines 
diameter,, in such a ipanner that the copper did not touch the 
iron except at the point of the solder. I afterwards fixed the 
ends of the iron wire and the copper wire in the reservoirs of 
mercury, which cotnmlinicated wuth the band of the galvano- 
meter, and then I heated the cylinder by the heat of spirits 
of wine. I expected J;liat the exterior parts of the mass (if it 
is true that in these circumstances they are contracted suddenly 
by the effect of a depression of temperature,) would exercise 
an instantaneous compression of the interior parts, which 
would give place to a dev elopement of specific caloric, which 
would be indicated by the galvanometer. In order to find 
the most favorable circumstances to obtain exactness in the 
experiment, I observed at first the successive positions of the 
needle during the time of heating. The needle commenced 
by deviating to 72’ ; then, the heating still going forward, not 
only did it retnrn with great rapidity to the point 0^ of the 
division, but passed it, making a contrary or negative devi- 
ation nearly to 65'^. The continuance of the process of 
heating produced then a contrary thermo-electric relation 
between the iron and the copper, inasmuch as the direction of 
the current depends on the temperature of the point of the 
solder. 

I profited by this remark, and now put the lamp at such 
a distance from the mass of iron, that the needle had power 
to take nearly a constant position at the point Oo of the divi- 
sion whenever the temperature of the mass became permanent. 
This, I easily accomplished after one or two trials. In, fact, 
in this position the needle, had the ^greatest sensibility for the 
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least change of temperature, and it sufficed, on approaching 
it to the flame for an instant, to make it deviate for some 
seconds after ivith a quick movement, almost like a shake 
towards the negative side of the point 0"^, on such a manner, 
that it could not retain its constant position until after several 
oscillations. The iron was at that point of temperature ap- 
proaching to a red heat. I fixed my eye on the needle, and 
caused the inferior portion of the mass of iron to be plunged 
into cold mercury. But the needle remained immovable 
during the first moments, then immediately afterwards indi- 
cated to me a prompt slackening of the heat or cooling from 
the point of the solder. This effect was very contrary to that 
which 1 had expected, because it appeared to me, that a 
strong molecular compression ought necessarily to take place 
in this case. I do not wish to conclude from this, that a 
developement of specific heat, caused by a due compression by 
contraction of those parts suddenly cooled, has not taken 
place in any case ; but we see however, that if the fact does 
exist, it ought at least to be of very little importance, for that 
it cannot be perceived even under the most favorable circum- 
stances, with an instrument so sensitive as the gjilvanometer 
of which I have spoken. It is very necessary then to be able 
to make use of and to explain phenomena so confidently 
asserted as those described by M. Mousson. I have named 
this last experiment because it appeared to me to have given 
a result contrary to what we should have expected. 

I have besides these made some experiments relative to 
those which M. Fischer has published. But as these arc not 
independent of the sensation of the hand, I think we ought 
not to attribute any great importance to them; I content 
myself then simply with saying, that my experiments have 
conducted me to the belief that*M. F. has partaken of the 
same illusion, to which artificers in metal, ordinarily abandon 
themselves. 


XIV.— 0« a New Eleciro^Magnetic Engine, 
Wright, Esq. 


Dear Sir, 


By Thomas 


I see in your last number an account of a new Electro- 
magnetic Engine by Mr. Clarke, in which he has dis- 

E ensed with the rotary motion, and returned to the crank. I 
ave been lately engaged in some experiments, the results 
of which, incline me to believe that this will be the best form 
of th^ electro-magnetic power. 1 Adopt however, a 

very dinerent arrangement from that of Mr. Clarke. ^ 
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The magnetism induced in soft iron by electric currents has 
great sustentive, but small attractive power, in comparison 
with that of steel magnets ; the great power which the former 
possess not being developed, until their keepers are in con- 
nexion with their poles. In Taylor’s rotatory engine, which 
1 have reason to think is the best, the magnets are passed by 
their keepers with such rapidity, that I should think it impos- 
sible that their power can be developed, as it requires a 
certain length of time for that purpose. 

The great difficulty in the construction of electro-magnetic 
engines with the crank motion, is the shortness of the stroke, 
which, for any useful purposes, should not exceed a quarter 
of an inch. J have, however, been able to increase the length 
of the stroke materially, by tw^o methods : — the first consists 
in keeping one end of the armature on its respective pole, as 
at a fig. 1 plate 3, and taking the stroke between B and C ; 
thus interrupting the magnetic circuit at one place only ; this 
plan answers better with small electro-magnets, which gene- 
rally possess gre£U:eik comparative intensity, than those of a 
larger size. A small electro-magnet, a quarter of an inch square, 
and seven inches lon^ coiled with ten yards of copper bell- 
wire, attracted its keeper, placed parallel with its poles, a 
quarter of an inch^ (along a polished mahogany table,) when, 
however, the keeper was placed as in fig. 1, it attracted the 
other end an inch and a quarter ; this was the result of 
several experiments. The second method which is better 
adapted for large electro-magnets, consists in keeping one side 
of the armature on the magnet as in fig. 2; this I think 
will be the most available method of applying the power, and 
I am now making a small engine on this principle, on which I 
hope to have your opinion in a short time. 

The magnets employed iti this engine are straight and com- 
posed of hoop iron, well annealed and riveted together, and 
are coiled to Within an inch and a half from the ends, to which 
ariO riveted pieces of soft iron two inches square, as shewn at 
A fig. 3, plate 3 ; these magnets are then united in pairs, by 
having the pieces of soft iron attached to them hinged together 
at By they are thus brought as close as possible to each other 
along their whole length. • 

Fig. 4, is a plan of the engine with two pairs of magnets, 
the end of the lower magnet of each pair being concealed by 
the pillar on which it rests ; the armature of the upper mag- 
net of the pair on the ri^ht hand, forms part of the beam of 
the engine, the hinge which attaches it to the lower armature 
being the fulcrum. The upper armature of the other pair is 
attaoied to the beam by a rod at A; it will thus be seeir that 
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by making communicatian between the battery and each pair 
of magnets alternately, the armatures of the magnetized pair 
will be strongly attracted to each other, lifting up the armature 
of the other pair respectively, and working the ny wheel. 

B B B, fig. 4 plate, shews the apparatus on the shaft of the fly 
wheel, for throwing the battery power alternately on the pairs 
of magnets. 

I am, my dear Sir, 

Yours truly, 

Thomas Wright. 

XV . — An Answer to Dr. Hare’s Letter on certain Theoretical 
Opinions. By M. Faraday, Esq. F. R. S. 

My dear Sir, 

1. Your kind remarks have caused me very carefully to re- 

vise the general principles of the view of static induction which 
I have ventured to put forth, with the very natural fear that as 
it did not obtain your acceptance, it might be founded in error ; 
for it is not a mere complimentary expression when I say I 
have very great respect for yoiy judgment. As the recon- 
sideration of them has not made me aware that they differ 
amongst themselves or with facts, the resulting impression on 
my mind is, that I must have expressed my meaning imper- 
fectly, and I have a hope that when ipore clearly stated my 
words may gain your approbation. I feel that many of the 
words in the language of electrical science possess much mean- 
ing ; and yet their interpretation by different philosophers 
often varies more or less, so that they do not carry exactly 
the same idea to the minds of different men*: this often renders 
it difficult, when such words force themselves into use, to ex- 
press with brevity as much as, and no more than, one really 
W'ishes to say. • ^ • 

2. My theory of induction ^as set forth in Series xi., xiL, 
and xiii.,) makes no assertion as to the nature* of electricity, 
or at all questions any of the theories respecting that subject 
(1667). it does not even include the origination of the de- 
veloped or excited state of the power or powers ; but taking 
that as it is given by experiment and observation, it concerns 
itself only with the arrangemeqt of the force in its communi- 
cation to a distance in that particular yet very general pheno- 
menon called static induction (1668.). It is neither the nature 
nor the amount of the force which it decides upon, but solely 
its mode of distribution. 

3. Bodies whether conductors or non-conductors can be 
charged. The word charge is equivocal : sometimes it means 
t^t««tate which a glass tube acquires when Txxhhed by silk, or 
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which the prime conductor of a machine requires when the 
latter is in action ; at other times it means the state of a Ley- 
den jar or a similar inductive arrangement when it is said to 
be charged. In the first case the word means only the peculiar 
condition of an electrified mass of matter considered by itself, 
and does not apparently involve the idea of induction ; in the 
second it means the whole of the relations of tw o such masses 
charged in opposite states, and most intimately connected by 
inductive action. 

4. Let three insulated metallic spheres, A, B, and C, be 

placed in a line, and not in contact ; let A be electrified posi- 
tively, and then C uninsulated ; besides the general action of 
the W'hole system upon all surrounding matter, there will occur 
a case of inductive action amongst the three balls, wdiich may 
be considered apart, as the type and illustration of the whole 
of my theory : A will be charged positively ; B will acquire 
the negative state at the surface towards A, and the positive 
state at the surface furthest from it ; and C will be charged 
negatively. ^ , 

5. The ball B will be in what is often called a polarized 
condition, i. e. opposite parts will exhibit the opposite electri- 
cal states, and the twd sums of these opposite slates will be 
exactly equal to each other. A and C will not be in this po- 
larized state, for they .will each be, as it is said, charged (3), 
the one positively, the other negatively, and they wdll present 
no polarity as far as this particular act of induction (4), is 
concerned. 

6. That one part of A is more positive than another part 
does not render it polar in the sense in which’ that word has 
just been used. We are considering a particular case of in- 
duction*, and have to throw out Of view the states of those 
parts no^ under the induetke action. Or if any embarrass- 
ment still arise from the fact that A is not uniformly charged 
all over, then have merely to surround it with balls, such as 
B giTid C, on every side, so that its state shall be alike on every 
part of its surface (because of the uniformity of its inductive 
influence in all directions) and then that difficulty will be re- 
moved. A therefore is charged, but not polarly ; B assumes 
a polar condition ; and C is charged inducteously (1483), be- 
ing by the prime influence of A brought into the opposite or 
negative electrical state through the intervention of the inter- 
mediate and polarized ball B. 

7. Simple charge therefore does not imply polarity in the 
body charged. Inductive charge (applying that term to the 
^here B and all bodies in a siimlar condition (5) does (1672.). 
The word charge as applied to a Leyden jar, or to the tcbole 
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of any inductive arrangement, by including all the effects, 
eomprehends of course both these states. 

• 8. As another expression of my theory, I will put the fol* 
lowing the case. Suppose a metallic sphere C, formed of a 
thin shell a foot in diameter ; suppose also in the centre of it 
another metallic sphere A only an inch in diameter ; suppose 
the central sphere A charged positively with electricity to the 
amount we will say of 100 ; it would act by induction through 
the air, lac, or other insulator between it and the large 
sphere C ; the interior of the latter would be negative, and its 
exterior positive, and the sum of the positive force upon the 
whole of the external surface would be 100. The sphere C 
would in fact be polarized (5) as regards its inner and outer 
surfaces. 

9. Let us now conceive that instead of mere air, or other 
insulating dielectric, within C between it and A, there is a thin 
metallic concentric sphere B six inches in diameter. This 
will make no difference in the ultimate result, for the charged 
ball A will render the inner and outer surfaces of this sphere 
B negative and positive, and it^again wilf render the inner 
and outer surfaces of the large sphere C negative and posi- 
tive, the sum of the positive forces on the outside of C being 
still 100. 

10. Instead of one intervening spherg let us imagine 100 or 
1000 concentric with each other, and separated by insulating 
matter, still the same final result will occur; the central ball 
will act inductrically, the influence originating with it will be 
carried on from sphere to sphere, and positive force equal to 
100 will appear on the outside of the external sphere. 

11. Again, imagine that all these spheres are subdivided 
into myriads of particles, each being effectively insulated from 
its neighbours (1679.), still the bame final result will occur; 
the inductric body A will polarize all these, and having its in- 
fluence carried on by them in their newly acquired state, will 
exert precisely the same amount of action on the external 
sphere C as before, and positive force equal to 100 will appear 
on its outer surface. 

12. Such a state of the space between the inductric and 
inducteouR surfaces represents, what I believe to be the state 
of an insulating dielec tric under inductive influence ; the par- 
ticles of which by the theory are assumed to be conductors 
individually, but not to one another (1669.). 

' 13. In asserting that 100 of positive force wdll appear on 
the outside of the external sphere under all these variations, 
I presume I am sajdng no more than what every ekctrician 
Were it not so, then positive and negative ele^ 
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tricities could exist by themselves^ and without relation to 
each other (1169. 1177.), or they could exist in ]^roportions 
not equivalent to each other. I'here are plenty of experi- 
ments, both old and new, which prove the truth of the prin- 
ciple, and I need not go further into it here. 

14. Suppose a plane to pass through the centre of this 
spherical system, and conceive that instead of the space be- 
tween the central ball A and the external sphere C being 
occupied by a uniform distribution of the equal metallic par- 
ticles, three times as many were grouped in the one half to 
what occurred in the other half, the insulation of the particles 
being always preserved : then more of the inductric influence 
of A would be, conveyed outwards to the inner surface of the 
sphere C, through that half of the space where the greater 
number of metallic particles existed, than through the other 
half : still the exterior of the outer sphere C w^ould be uni- 
formly charged with positive ekctricity, the amount of which 
would be 100 as before. 

15. The actions of the tw'o portions of space, as they have 
just been supposed to be coq^titu ted (14), is as if they pos- 
sessed two different specific inductive capacities (1296.) ; but 
J by no means intend to say, that specific inductive capacity 
depends in all cases upon the number of conducting particles 
of wdiich the dielectriq is formed, or upon their vicinity. The 
full cause of the evident difference of inductive capacity of 
different bodies is a problem as yet to be solved. 

16. In my papers I speak of all induction as being depen- 
dent on the action of contiguous particles, i. e. I assume that 
insulating bodies consist of particles which are conductors 
individually (1669.), but do not conduct to each other pro- 
vided the intensity of action to which they are subject is be- 
neath a given amount (1326. 1674. 1675.) ; and that when the 
inductric body acts upon conductors at a distance, it does so 
by polarizing (129S. 1670.) all those particles which occur in 
the portion of dielectric between it and them. I have used 
the term contiguous (1164. 1673.), but have I hope suflSciently 
expressed the meaning I attach to it : first by saying at par. 
1615, *Hhe next existing particle being considered as the 
contiguous one then in a note to par. 1665, by the words, 

1 mean by contiguous particles those which are next to each 
other, not that there is no space between them and further 
by the note to par. 1164. of the octavo edition of my lie- 
searches, which is as follow^s : “ The word contiguous is perr 
haps not the best that might have been used here and elsewhere, 
for as particles do not touch each other it is not strictly cor- 
rect. 1 was induced to employ it because in its commoji ac- 
VoL. V. — No. 26, August^ 1840. P 
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it enabled me to state the theory plainly and with 
y contiguous particles, I mean those which are 

17. Finally, my reasons for adopting the molecular theory 
of induction* were the phenomena of electrolyic discharge 
(1164. 1343.), of induction in curved lines (1166. 1215.), of 
specific inductive capacity (1167. 1252.), of penetration and 
return action (1245.), of difference of conduction and insula- 
tion (1320.) of polar forces (1665.), &c. &c., but for these 
reasons and any strength or value they may possess I refer 
to the papers themselves. 

18. I will now turn to such parts of your critical remarks 
as may require attention. A man who advances what he 
thinks to be new truths, and to develope principles which pro- 
fess to be more consistent with the laws of nature than those 
already in the field, is liable to be charged, first with self-con- 
tradiction ; then with the contradiction of facts ; or he may 
be obscure in his expression, and so justly subject to certain 
queries; or he may be found in nonragyeement with the 
opinions of others. The first •and second ptyints are very 
important, and every one subject to such charges must be 
anxious to be made aware of, and also lo set himself free from 
or acknowledge them ; the third is also a fault to be removed 
if possible ; the fourth is a matter of but small consequence 
in comparison with the othttr three ; for as every man who 
has the courage, not to say rashness, of forming an opinion of 
his own, thinks it better than any from which he differs, so 
it is only deeper investigation, and most generally future 
investigators who can decide which is in the right. 

19. 1 am afraid 1 shall find it rather difficult to refer to 
your letter. I will, howevdr, reckon the paragraphs in order 
from the top of each page, considering that the first ^hicH has 
its beginnimj first in the page*. In referring to my own mat- 
ter 1 will employ the usual figures for the paragraphs of the 
Experimental Hesearches, and small Roman numerals jfor 
those of this communication. 

20. At par. 3, you say, you cannot reconcile my language 
at 1615, with that at 1165. lu the latter place 1 have said 
1 believe ordinary induction all cases to be an action of 
coniiguouH particles, and in the former assuming a very hypo- 
thetical case, that of a vacuum, I have said, nothing in my 
theory foibids that a charged particle in the centre of a 
vacuum should act on the particle next to it, though that 

• We shall change Prof. Faraday’s references for the numbers which we 
bars attaohed to Dr. Hare’s letter, and refer thus, par. 23, &c. 


acceptation 
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should be half an inch off. With the meaning which I have 
carefully attached to the word contiguous (16.), I see no con- 
tradiction here in the terms used, nor any natural impossibility 
or improbability in such an action. Nevertheless all ordinary 
induction is to me an action of contiguous particles, being 
particles at insensible distances : induction across a vacuum 
IS not an ordinary instance, and yet I do not perceive that it 
cannot come under the same principles of action. 

21. As an illustration of my meaning, I may refer to the 
case, parallel with mine, as to the extreme difiFerence of in- 
terval between the acting particles or bodies, of the modern 
views of the radiation and conduction of heat. In radiation 
the rays leave the hot particles and pass occasionally through 
great distances to the next particle, fitted to receive them : in 
conduction, where the heat passes from the hotter particles to 
those which are contiguous and form part of the same mass, 
still the passage is considered "to be by a process precisely 
like that of radiation ; dnd though the elTects are, as is well 
known, extremely^diCTereiit in their appearance, it cannot as 
yet be shewn •that the princi^de of communication is not the 
same in both. 

22. So on this point respecting contiguous particles and 
induction across half an inch of vaemum, 1 do not see that I am 
in contradiction with myself or with any natural law or fact. 

23. Paragraph 4 is answered 4)y the above remarks, and 
by 8, 9, and 10. 

24. Paragraph 5 is answered according to my theory by 
8, 9, 10, 11, 12, and 13. 

25. Paragraph 6 is answered, except in the matter of 

opinion (18.), according to my theory by 16. The conduc- 
tion of heat referred to in the paragraph itself will, as it ap- 
peals to jne, bear no comparison with the phenomenon of 
electrical induction : — the first refers to the distant influence 
of an agent which travels by a very slow process, the second 
to. one where distant influence is simultaneous, so to speak, 
with the origin of the force at the place of action ; — ‘the first 
refers to an agent which is represented by the idea of one 
imponderable fluid, the second to an agency better represented 
probably by the idea of two fluids, or at least by two forces : — 
the first involves no polar action, nor any of its consequences, 
the second depends essentially on such actions ; — with the first, 
if a certain portion be originally employed in the centre of a 
spherical arrangement, but a small part appears ultimately 
at the surface ; with the second, an amount of force appears 
Instantly at the surface (8, 9, 10, 11, 12, 13, and 14.), exactly 
equal to the exciting or moving force, which is still at. the 
centre. . • 
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26. I^a^aph 13 involves another charge of self-contra- 
diction, from which, therefore, I will next endeavor to set 
myself free. You say I correctly allege that it is impossible 
to charge a portion of matter with one electric force without 
the other (see par. 1177.). But if all this be true, how can there 
be a positively excited particle? (see par. 1616.). Must not 
every particle be excited negatively if it be excited positively ? 
Must it not have a negative as well as a positive pole?*' Now 
I have not said exactly what you attribute to me : my words 
are, “ it is impossible, experimentally, to charge a portion of 
matter with one electric force independently of the other: 
charge always implies induction^ for it can in no instance be 
effected without (1177.).” I can, however, easily perceive 
how my v^ords have conveyed a very different idea to your 
mind, and probably to others, than that I meant to express. 

27. Using the word charge in its simplest meaning (3, 4.), 
I think that a body can be ‘charged with one electric force 
without the other, that body being considered in relation to 
itself only. But 1 think that such charge cannot exist without 
induction (1178.), or independently of what is* called the de- 
velopment of an equal amount of the other electric force, not 
in itself, but in the neighbouring consecutive particles of the 
surrounding dielectric, and through them of the facing parti- 
cles of the uninsulated surrounding conducting bodies, which, 
under the circumstances, terminate as it were the particular 
case of induction. I have no idea, therefore, that a particle 
when charged must itself of necessity be polar ; the spheres 
A B C of 4, 5, 6, 7, fully illustrate my views (1672.). 

28. Paragraph 20 includes the question, is this consist- 
ent?” implying self-contradiction, which, therefore, I proceed 
to notice. The question arises out of the possibility of ^lass 
being a (slow) conductor or not of electricity, a point ques- 
tioned also in the two preceding paragraphs. 1 believe that 
it is. I have charged small Leyden jars, m*ade of thin flint 
glass tube, with electricity, taken out the charging wires, 
sealed them up hermetically, and afte/ two or three years 
have opened and found no charge in them. I will refer you 
also to Belli’s curious experiments upon the successive charges 
of ajar and the successive return of portions of these charges.* 
1 will also refer to the experiments with the shell lac hemi- 
sphere, especially that described in 1237* of my Researches; 
also the experiment in 1246. 1 cannot conceive how, in these 
oases, the on in the vicinity of the coating could gradually re- 

to it a portion of free electricity, convi^SKl iato it by 

• lUliiSt, 1S37, IXXXT., p. 4 17. 
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what I call convection, since in the first experiment quoted 
(1237.)9 when the return was gradual, there was no coaling ; 
and in the second (1246.), when there was a coaling^ the re- 
turn action was most sudden and instantaneous. 

29. Paragraphs 21 and 22 perhaps only require a few words 
of explanation. In a charged Leyden jar 1 have considered 
the two opposite forces on the inductric and inducteous sur- 
faces as being directed towards each other through the glass 
of the jar, provided the jar have no projection of its inner 
coating, and is uninsulated on the outside (1682.). When 
discharge by a wire or discharger, or any other of the many 
arrangements used for that purpose is effected, these supply 
the “ some other directions” spoken of (1682. 1683.). 

30. The inquiry in paragraph 23, I should answer by say- 
ing, that the process is the same as that by which the polarity 
of the sphere B (4. 5.) would be neutralized if the spheres 
A and C were made to commu'nicato by a metallic wire ; or 
that by which the 100 or 1000 intermediate spheres (10.) or 
the myriads of polarized conducting particles (11.) would be 
discharged, if the inner sphere A, and the outer one C, were 
brought into communication by an insulated wire ; a circum- 
stance which would not in the least affect the condition of the 
power on the exterior of the globe C; 

31. The obscurity ki my papers, which has led to your re- 
marks in paragraph 25, arises, as it appears to me (after my 
own imperfect expression), from the uncertain or double 
meaning of the word discharge. You say, “ if discharge in- 
volves a return to the same state in vitreous particles, the 
same must be true in those of the metallic wire. Wherefore 
then are these dissipated when the discharge is sufficiently 
powerful ?” A jar is said to be discharged when its charged 
state* is reduced by any means, and it is found in its first in- 
different condition. The word is then used simply to express 
the state of tlie* apparatus ; and so I have used it in the ex- 
prossions criticised in paragraph 21, already referred to. The 
process of discharge^ or the mode by which the jar is brought 
into the discharged state, may be subdivided, as of various 
kinds; and 1 have spoken of conductive (1320.), electrolytic 
(1343.), disruptive (1359.), and convective (1562.) discharge, 
any one of which may cause the discharge of the jar, or the 
discharge of the inductive arrangements described in this letter 
(30), me action of the particles in any one of these cases 
being entirely different from the mere return action of the po- 
huriaed particles of the glass jar, or the polarized globe B (5.), 
to their first state. My view of the relation of insulators and 
conductors, as bodies of one class), is given at 1320. 1675.*^. 
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of the Researches : but I do not think the particles of the 
good conductors acquire an intensity of polarization any thing 
like that of the particles of bad conductors ; on the contrary, 
I conceive that the contiguous polarized particles (1670.) of 
good conductors discharge to each other when their polarity 
is at a very low degree of intensity (1326. 1338. 1675.). The 
question of why are the metallic particles dissipated when the 
charge is sufficiently powerful, is one that my theory is not 
called upon at present to answ-er, since it will be acknowledged 
by all, that the dissipation is not necessary to discharge. That 
different effects ensue upon the subjection of bodies to dif- 
ferent degrees of the same power, is common enough in ex- 
perimental j)hilosophy; thus, one degree of heat will merely 
make water hot, wdiilst a higher degree will dissipate it as 
steam, and a lower will convert it into ice, 

32. The next most important point, as it appears to me, 
is that contained in paragrtiphs 16 and 17. I have said 
(1330.), “ what then is to separate the principle of these two 
extremes, perfect conduction and perfect insulation, from 
each other, since the moment we leave in the 'smallest degree 
perfection at either extremity we involve the element of per- 
fection at the opposite end and upon this you say, might 
not this query be made with as much reason in the case of 
motion and rest? — and in any caso of the intermixture of 
opposite qualities, may it not he said, the moment we leave 
the element of perfection at one end, we involve the element 
of perfection at the opposite ? — ^may it not be said of light and 
darkness, or of opaqueness and translucency ? and so forth. 

33. I admit that these questions are very juoperly put ; 
not that 1 go to the full extent of them, as for instance that 
of motion and rest ; but I‘ do not perceive their bearing upon 
the question, of whether condutAion and insulatioii are aiffer- 
ent ])roperties, dependent upon two different modes of action 
of the particles of the substances respec*tively*possessing these 
actions, or whether they are only differences in degree o^one 
and the same mode of action ? In this question, however, 
lies the whole gist of the matter. To explain my views, I 
will put a case or two. In former times a principle or force 
of levity was admitted, as avell as of gravity, and certain 
variations in the w^eights of bodies were supposed to be 
caused by different combinations of substances possessing these 
two principles. In later times, the levity principle has been 
discarded ; and though we stiU have imponderable substances, 
yet tile phenomena causing weight have been accounted for 
by one force or principle only, that of gravity ; the difference 
in^avitetion of different bodies being considered due to dif- 
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ferences in degree of this one ^rcc resident in them all. Now 
no one can for a moment suppose that it is the same thing 
philosophically to assume either the two forces or the one force 
for the explanation of the phenomena in question. 

34. Again, at one time there was a distinction taken be- 
tween the principle of heat and that of cold : at present that 
theory is done away with, and the phenomena of heat and cold 
are referred to the same class, (as 1 refer those of insulation 
and conduction to one class), and to the influence of different 
degrees of the same power. But no one can say that the two 
theories, namely, that including but one positive principle, and 
that including two, are alike. 

35. Again, there is the theory of one electric fluid and also 
that of two. One explains by the difference in degree or 
quantity of one fluid, what the other attributes to a variation 
in the quantity and relation of two fluids. Both cannot be 
true. That they have nearly equal hold of our assent, is only 
a proof of our ignorance : and it is certain whichever is the 
false theory, is at present holding the minds of its supporters 
in bondage, and is greatly retarding the progress of science. 

36. I think it therefore important, if we can, to ascertain 
whether insulation and Conduction are cases of the same class, 
just as it is important to know that heat and cold are pheno- 
mena of the same kind.* As it is of consequence to shew that 
smoke ascends and a stone descends in obedience to one pro- 
perty of matter, so I think it is of consequence to shew that 
one body insulates and another conducts only in consequence 
of a difference in degree of one common property which they 
both possess ; and that in both cases the effects are consistent 
with my theory of induction. 

37. 1 now come to wdiat may be considered as queries in 
your letter, which I ought to* answer. Paragraph 8 contains 
one. As I concede that particles on opposite sides of a 
vacuum may pethaps act upon each other, you ask, where- 
fore,is the received theory of the mode in which the excited 
surface of a^Leyden jar induces in the opposite surface a con- 
trary state, objectionable?” My reasons for thinking the 
excited surface does not directly induce upon the opposite 
surface, &c., is, first, my belief that the glass consists of par- 
ticles conductive in themselves, bqt insulated as respects each 
other (17) f and next, that in the arrangement given 4, 9, 
or 10, A does not induce directly on C, but through the inter- 
mediate masses or particles of conducting matter. 

38* In the next paragraph, thp question is rather imi)lied 
than asked — what do I mean by polarity ? I had hoped that 
the paragraphs 1669. 1670. 1671. 1672. 1679. 1686. 16Q7.^ 
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1688. 1699. 1700. 1701. 1702. 1703. 1704., in the Researches 
youl4 heen sufficient to convey my meaning, and I am 
inclined to think you had not perhaps seen them when your 
letter wa:s written. They, and the observations already made 
(5. 26.), with the case given (4. 5.), will, I think, be suffi- 
cient as my answer. The sense of the word polarity is so 
diverse when applied to light, to a crystal, to a magnet, to the 
voltaic battery, and so different in all these cases to that of 
the word when applied to the state of conductor under induc- 
tion (5.), that I thought it safer to use the phrase species 
of polarity,” than any other, which being more expressive 
would pledge me further than I wished. 

39. Paragraph 1 1 involves a mistake of my views. I do 
not consider bodies which are changed by friction, or other- 
wise, as polarized, or as having their particles polarized (3, 
4. 27.). This paragraph and the next do not require, 
therefore, any further remark, especially after what 1 have 
said of polarity above (38.). 

40. And now, my dear sir, I thinj^ I ought to draw my 
reply to an ehd. The paragraphs which remain unanswered 
refer, I think, only to differences of opinion, or else, not 
even to differences, but opinions regarding which I have not 
ventured to judge, lliese opinions I esteem as of the utmost 
importance ; but that is a reason which makes ine the rather 
desirous to decline entering upon the reconsideration, inas- 
much as on many of their connected points I have formed no 
decided notion, but am constrained by ignorance and the con- 
trast of facts to hold uiy judgment as yet in suspense. It is, 
indeed, to me an annoying matter to find how many subjects 
there are in electrical science, on which, if I were asked for 

. an opinion, I should have to say, I cannot tell, — I do not 
know ; but, on the other hand, at is encouraging to think that 
these are they which if pur|ued industriously, experimentally, 
and thoughtfully, will lead to nev^ discoveries. Such a sub- 
ject, for instance, occurs in the currenls pro^bced by dynamic 
induction, which you say 4t will admitted do not require 
for their production intervening ponderable^atoms. Fox my 
own part, I more that half ii^lifie^ tP think they do require 
these intervening particles, tjiat where any particles inter- 
vene (1729. 1733. 1738.). ^But on this question, as on many 
others, I have not yet made up my mind. Allow me, there- 
fore, here to conclude my letter ; and beUeve me to be with 
the highest esteem, My dear Sir, 

Your, obliged and faithful Servant, 

M. Faraday. 


iU^yal lastitutioB, April IS, 184Q. ^ 
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XVI . — Experimental and Theoretical Researched in Electric 
city^ Magnetism^ §-c. By William Sturgeon, Lec- 
turer on Experimental Philosophy at the Honourable 

E3i8t India Company’s 'Military*. Academy, Addiscombe, 

Superintendent of the Royal Victoria Gallery of Practical 
Science, Manchester, &c. &c. Fifth Memoir. 

Section 1. 

On Voltaic Combinations* — A new Battery of Cast Iron and 
amalgamated Zinc. ^ A comparison of the Chemical powers 
of various Voltaic Batteries* 

234. Abotit twelve years ago, I engaged in an extensive 
series of experimental enquiries, respecting some of the 
principal conditions necessarily connected with the action of 
voltaic batteries ; during which, I arrived at some remarkable 
results, which I then conceived might probably be advan- 
tageously applica];)le»iR the formation of That peculiar class of 
electrical apparatus. Some^ of these results I published in 
the year 1830, . in a pamphlet entitled Experimental Re- 
searches hi Galvanteni, Electro-magnetism, &c.”* Since the 
time of mY pamphlet making its appearance, some of those 
results which I described in it have become available in the 
hands of other experimenters, and some others have come 
into general use in almost every form of voltaic battery.f 
There are, however, discoveries which then made and in- 
tended for the second j%rt of that pamphlet, and as they have 
not yet been met with by others, nor in any way made public, 
only occasionally aj^'my lectures; and as they appear to be of 
some importarite, whether viewed as theoretic^ or practical 
dalTi, I venture to give them a place in this memoir. 

233. In the pamphlet already alludicd to, I have shewn, at 
page 44, thatVhen two similar pieces of iron are placed, one 
iiLj3ach of two strong isolutions of nitric acid in water, of 
dm^irent degrees of streiljgth, havinga bladder partition between 
them, they fortned an active voltaic pair. A galvanonieter 
with a heavy needle, four"^ inches long, supported on a pivot, 
was employed in these experiments, and the needle would 
frequently stand at an angle of 35^ particularly if the stronger 

portion the acid solution be ^not very feeble, and these 

-v 

• This pamphlet U, published liy Sherwood, Gilbert, & Piper, Paternoster 
Row, Loxf^ott* 

f In the pamphlet alluded to, 1 pointed out and shewed by conclusive 
ex^rimenu the superiority of ^rcdledJiinc over roastiiuc, in voltaic ar/angc- 
ments. .v ' ' • • 

VoL. V. — No.*2o, August^ 1840. Q 



122 


Mr. Sturgeon’s Fifth Memoir. 

energies seem to improve with an increase of acid in that 
portion of the fluid.” 

236. At page 45, of the same work, (paragraph 49), under 
the head iron and nitrous acid,” 1 have shewn that, “ the 
electric relations of the two pieces of polished iron when 
placed in two portions of this acid, very differently diluted, or 
the one piece in the acid solution and the other in w^ater, are 
precisely of the same character as when the nitric is employed ; 
but the electrical energies displayed are more energetic, &c.” 

237. From the facts discovered in these experiments, I was 
led to construct a compound battery of ten small pairs of iron 
plates, in wooden cells; each cell being furnished with a 
bladder partition. The iron which constituted what I have 
called “ a pairf was, however, merely a single piece, or long 
strip, which, by being bent in the middle, was easily adapted 
to unite two troughs : one of its ends being immersed in the 
strong acid solution, and the other end in tho feelle acid solu- 
tion of the vicinal trough ; and so on throughout the series. 
With this battery I could decompose wajcr, ignite metals, 
charcoal, &c. to a certain extent as decidedly, as by any 
voltaic battery whatever, ; but as its chemical and calorific 
powers did not meet my' expectation, 1 proceeded no farther 
with it. I discovered however, that iron held a more elevated 
rank amongst the metals when associated with amalgamated 
zinc, in voltaic series, than had ever been noticed by any 
other experimenter. Indeed, at that time amalgamated zinc 
had never been employed in voltaic batteries, except in a 
semi-liquid form by Mr. Kemp, an ingenious chemist at Edin- 
burgh. Sir Humphrey Davy first noticed that amalgamated 
zinc acted better than pure zinc when associated with copper, 
in a single pair ; but 1 belieVe that the employment of amal- 
gamated rolled zinc originated with my own experiments :* 
and 1 formed compound batteries of cylinders of zinc and 
copper which worked exceedingly well with dihited sulphuric 
acid. 

238. I discovered also that cast iron and wrought iron per- 
formed very differently in voltaic combinations with zinc, the 
cast iron forming the more energetic combination with that 
metal, especially when well am^gamated. I discovered more- 
over, that amalgamated iron holds a higher rank than either 
cast iron or wrought iron, when voltaically aasociited with 
zinc, and that, therefore, any transference of mercury that 
might occur from amalgamated zinc would rather be favorable 

* S^iac saa^f be easily amalgamated first immersing it in dilute sulphuric 
atidtind then in mercury. See p. 41, of my pamphlet. 
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to the action, than otherwise, a circumstance so diametrically 
opposed to that which occurs with amalgamated copper as to 
give a preference to iron over that metal in voltaic associations 
with amalgamated zinc, especially when excitation is carried 
on with dilute sulphuric acid. Lately I have been induced 
to construct larger batteries of cast iron and amalgamated 
zinc, than I had ever before done, which, with their performances 
in the display of phenomena, I will now describe. 

239. The first battery of this kind, that I constructed since 
my appointment at this Institution, consists of ten cylindric 
jars of cast iron, each 8 inches high and 3^ inches diame- 
ter, with the same number of amalgamated zinc cylinders of 
the same height as the iron ones, and about 2 inches diameter. 
Each pair of these metals is connected together by means of 
a curved stout copper wire, one end of which being soldered 
to the iron, and the other to the zinc, as shewn in fig. 7, 
plate 1.* The zinc of one pair is placed in the iron jar of the 
next, and so on throughout the series : contact being pre- 
vented by discs qf millboard placed in the bottoms of the iron 
vessels. Before any regular or exact experiments were 
carried on with this battery, a few trials were made with it to 
give an idea of its probable powers ; some of which are the 
following : 

240. Experiment I . — When six pairs were arranged in series, 
and charged with dilute sulphuric acid, the polar wires were 
properly connected with an electro-gasometer, whose terminal 
platinum plates are 2\ inches high, and 1^ broad; consequently « 
exposing a surface of upwards of 1 1 square inches to the acid- 
ulated water! in the instrument. The terminals gave off 
2 cubic inches of Uie mixfed gases per minute. 

241. Experiment 2 — By adding two other pairs to the 
laift serms, and arranging ihe whole in a series of 8 pairs, the 
terminals in the electro-gasometer liberated 7^ cubic inches of 
the mixed gaSes per minute. The above results were obtained 
several tiiiAs over, and, in some cases, after the battery had 
bfeen in action for more than three quarters of an hour. 

242. Experiment 3. — The electro-gasometer was now laid 

aside, and the calorific effects of the eight pairs in series were 
as follow : — , , 

Charcoal gave out a small star of brilliant light. 

One inch of copper wire of an inch diameter was fused. 

Four inches of do. made yrhite hot. 


• This figure will also appear in plate 4, which will also contain several 
other figures illustrative of certain parts of this memoir* 
t The liquid in the electro^sometcr was 6 water, and 1 sulphuric acid, 
by measure, * • 
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Eighteen inches of do. made red hot in broad day light. 

Eight inches of watch main spring was made red hot. 

Two inches of do. made white hot for several successive 
minutes.* 

243. Experiment 4. — The battery had now been in action 
more than an hour, and its decomposing powers were again 
ascertained to be equal to those exhibited at first, the terminal 
platinum plates still liberating the mixed gases at the rate of 
7J- cubic inches per minute. The voltaic series, on this occa- 
sion, was not extended beyond eight pairs, in consequence of 
the other two iron jars being leaky, and could not be used 
until the fissures were repaired. 

244. Experiment 5. — As the exhibition gallery of this 
institution was shortly to be opened to the public, I was 
requested by some of our directors to try if this battery could 
be used to illustrate the explosions made by Colonel Pasley 
against the wreck of the Koykl George. For this purpose, 
the series of eight pairs was furnished with two conducting 
wires, 200 feet in length each, making«a circuit of 400 feet 
long. When the farthest extremilaes of these wires were joined 
by a thin platinum wire, the latter instantly became red hot, 
which left no doubt of the calorific powers of the battery being 
capable of exploding gunpowder at that distance ; but as no 
preparations had been made for trying its calorific effects below 
the surface of a body of water, nothing farther was done at 
that tiiiie. 

245. Experiment 6. — On Saturday afternoon, the 30th of 
May, some of our directors and a few other gentlemen, met 
in tne gallery, and it was proposed to try the iron battery 
again : and as the two leaky jars (243.) were now repaired, 
the whole ten were arranged In one voltaic series, and charged, 
as before, with dilute sulphuric acid. The electro-gasometer 
which had been used in the former experiments, (240.) having 
been broken by accident, another, of much larger dimensions 
was now employed. Its terminal metals consist of two sheets 
of thin platinum, exposing about 144 square inches of surface 
to the acidulated water in the apparatus.! When the ten pairs, 
in series, were properly connected with the terminals of this 
instrument, 15 cubic inches of the mixed gases were liberated 
per minute. In the course of about eight minutes’ action, the 
rate of decomposition sank to about 13 cubic inches per 

* In the short description of this battery given at page 67 of this volume, I 
have said that 10 pairs ivere used to produce these calorific effects, hut 1 find 
by my notes that only eight pairs were used. 

f T^is electro-gasometer is that which was used with Mr. Grove’s battery, 
at themyal Institution of Great Britain. Sec Annals of Electricity, vol. 4, p. 
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minute ; and after a quarter of an hour’s action, -it becjame 
reduced to*about 1 1 cubic inches per minute. 

246. Experiment 7. — Preparations were now made for imi- 
tating theiblowing-up of 'the- Royal George,* but" as’no water 
could be let into the basin of the canal in the exhibition room 
of the Institution, in consequence of the painters being at woric 
in it, we had recourse to a very humble, and to some per- 
sons it will appear, a most ridiculous substitute; viz., a bucket 
of water. Our charge of gunpowder was the same as that 
used in the Polytecnic Institution in London, being furnished 
with a stock of cartridges, from Messrs. Watkins and Hill, 
Charing Cross, which had been made for similar illustrations in 
that Institution. The bucket of water being placed on the floor 
of the lecture room, and one of the extremities of each long con- 
ducting wire (244) being twisted to the wires of the cartridge, 
the other extremity of one of tljem was attached to one pole of 
the battery, situated in the passage outside of the room door. 
When the word fire was given, and the circuit completed by 
Mr. Brookhouse, tlhd stood bjr the battery, with the other con- 
necting wire, for that purpose, the most singular phenomenon 
occurred that was even beheld by any of the party present; 
and certainly one which none of us had been led to expect. 
The explosion of the gunpowder w'as accompanied by a simul- 
taneous perpendicular ascent of both bucket and water into 
the ait, where they seemed to rest, for a moment, at an alti- 
tude of about 5^ feet above the floor, when both fell, and the 
greater part of the water spilled on the floor. The singularity 
of this antick of the bucket produced an effect on the bystaU- 
ders more easy to imagine than describe : every one involun- 
tarily burst into an immoderate fi^ of laughter, which became 
morif and more excited as each person described the ludicrous- 
ness of fhe event ; and the consternation displayed by the 
two servants, yho were present, in finding mops, basins," and 
other parapharnalia, with which they were not prepared, for 
t^Wng up the water from the room floor, added no little to 
the burlesque character of the scene. However, the two men 
were very active, and in a short time the most of the water 
was in the bucket again. 

247. Experiment 8. — When*the effect of the last blow-up 
had sufficiently abated, one of our directors proposed that the 
experiment should be repeated, in order to ascertain how high 
the bucket and water could be raised by a second explosion. 
The necessary preparations being made, and chairs, forms, 
tables, &c., being removed from the vicinity of the bucket ; 
the glass cupboard, in which our splendid electrical machine 
is placed, being guarded by chairs, forms, &c., against the 



126 Mr. Sturgeon’s Fifth Memoir. 

effects of splinters in case of the bucket giving way to the 
for<^e' of the powder, and the faces of glazed pictures turned 
to the wall, &c., the cartridge was sunk in the water ; and on 
the word fire being given the explosion again took place. The 
bucket jumped up to the height of about 4^ feet from the floor 
on to the lecture table, carrying with it only a small portion 
of water, the rest being scattered about in every direction. 
The servants, who were prepared, on this occasion, to take up 
the w'ater from the floor, set to work with great alacrity in 
hopes to be enabled to replace the greater part of it in the 
bucket in a few minutes ; but observing, after working a short 
time, that with all their efforts they were not lessening the 
water on the floor, one of them looked to see how much had 
been collected in the bucket, and immediately called out, that 
“ the bottom was blown out I” Nothing better than this news 
could possibly have happened, to give increased tension to 
the already excited risibility of the company. 

248. The cause of the buckdt and its water jumping up 
together by the first explosion, may probably be traced to the 
sudden reaction of the floor agahist the bottomlof the bucket ; 
which rebounded with a force nearly equal to that with which 
the water was blown upwards, and being in the same direc- 
tion they kept pace with one another. 

249. Experiment 9. — The battery trad now been charged 
more than an hour, and its decomposing powers were^ again 
tried with the same electro-gasometer as last used. From a 
mean of several trials the liberated gases amounted to more 
than 10 cubic inches per minute. 

250. Since the appearance of my pamphlet in 1830, experi- 
menters have turned their attention to the improvement of 
voltaic batteries, and several kinds have been invented, each 
of which has its peculiarities, and*, for some processes, most of 
them have a great advantage over those previously in common 
use. It seems rather doubtful, however, from the facts 
hitherto in our possession, that we shall ever discover a fiarm 
of battery capable of exhibiting every class of electric pheno- 
mena to the best advantage. It is true that with the command 
of an extensive series of movable combinations or pairs, we 
can arrange them in groups, oc* in series in a great variety of 
ways, and thus be enabled to modify their forces so as to 
become advantageously available for the display of the electror 
magnetic, electro-chemical, and the electro-calorific classes 
of phenomena ; but for the display of the purely electrical 
phenomena, such as the attractions and repulsions, and the 
charging of coated glass, the original pile of Volta still stands 
preeminent i and amongst all the forms of battery which 
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have hitherto made their appearance, that of Cruickshank's 
is the only one which can be advantageously employed ^ for 
purposes of this kind, and for medical treatment it seems better 
adapted than any other. 

251. The batteries severally invented by Grove, and Smee, 
are unquestionably about the most powerful now generally 
known for continued action in the electro-magnetic, electro- 
chemical, and electro-calorific departments ; but their high 
price almost precludes their general employment amongst 
experimenters, excepting in such cases as where the funds of 
an institution are at command. Professor DanielFs battery 
is also so constructed as to retain its powers in action for a 
long time together, but unless of large dimensions, its chemi- 
cal, magnetic, and calorific powers, are far below those of the 
former two batteries. Besides the first cost of Grove's and 
Daniell’s batteries, there is a continual current expense 
attending their preparation and keeping in order for experi- 
ment, to which Smee’s battery is not subject: for diluted 
sulphuric acid bejpg. the only liquid used, and having no 
diaphrams between the metals, the excitation is accomplished 
at a cheap rate, and is not complicated by appendages 
which are expensive m every form they have hitherto 
assumed, not only in the first purchase of the battery, but 
by the frequent renevwil of those which become destroyed, 
and the time necessarily required for their preparation. 

252. Notwithstanding the advantages obtained by the great 
superiority in the action of the modern forms of battery over 
that exhibited by those invented respectively by Cruiekshank 
and Wollaston, but very little seems to have been done towards 
ascertaining their real capabilities, as to the most advantageous 
display of the several classes of phenomena to which they are 
best*adap^ed : hence it is, that their full powers are but little, 
if at all known. It is thus that an important inquiry is still 
left untouched, •which may probably reveal facts of the highest 
interest to this department of physical science. Moreover, 
asfthe employment of voltaic batteries has now become very 
extensive, not only in investigations, but in the daily illustra- 
tions at this, and many other similar institutions, and is likely 
to be still more extensively employed, both in military and 
civil engineering, it is obvious that a cheap efficient battery, 
with the mode of conducting it to the best advantage, are 
desiderata of great moment to the practical man who may 
have occasion to avail himself of the advantages which such 
an itn[)lement affords in the daily processes of his professioucol 
avocations. But an investigation such as is best adapted to 
reveal these important facts, would require the command of 
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every kind of battery that appears likely to be adapted for 
general purposes, to which such an implement* is peculiarly 
applicable : and although not much skill in manipulation 
would be absolutely essential to such an undertaking, the 
requisite series of experiments would be somewhat expensive, 
and could not be conducted without a considerable occupation 
of time. 

253. The batteries belonging to this institution are the fol- 
lowing, viz.; — Cruickshank’s, two troughs of 50 pairs of 3 inch 
plates each. — Wollaston’s, two troughs of 10 pairs of 4 inch 
plates, with double coppers each. — Daniell’s, 20 copper cylin- 
dric jars, 24 inches high and 4 inches diameter, with amal- 
gamated strips of rolled zinc, in hempen bags or diaphrams. 
Grove’s, 50 pairs of 4 inch platinum plates, with double 
amalgamated zinc in porous pots for diaphrams. Besides 
these, we have 30 of those cast iron jars, with their 
amalgamated zinc cylinders already described, (239), and 20 
pairs of copper and amalgamated zinc cylinders, in porcelain 
jars. 1 have availed myself of the use of t;];iese batteries, and 
also of one of Smee’s construction of twelve pairs, which, by 
the kindness of Mr. Joseph Lockett, has been placed in my 
hands for the purpose of comparing their powers in the display 
of the electro-chemical, electro-magnetic, and the electro- 
calorific classes of phenomena, and for ascertaining which kind 
of battery is most likely to become more generally useful, both 
as regards economy and facility of manipulation. 

On the Chemical Powers of Voltaic Batteries. 

254. The chemical powers of our modern batteries have, 
hitherto, been tested in no other way than by the decomposi- 
tion of acidulated water. • This circumstance may probably 
be owing to the great facilities which are afibrded by^operating 
on this compound, and the supposed exactness of the results. 
In point of preparation and manipulation there can be no doubt 
of the superior facilities for the decomposition of water, Qver 
that of most other bodies ; but notwithstanding the facilities 
thus afibrded to experimenters, the decomposition of water, 
as a test for the powers of voltaic batteries, has led many to 
the most extravagant inaccuracies : and I am not aware that 
any experiments are on record that have been directed to an 
enquiry for ascertaining the best means of arriving at a maxi- 
mum of decomposition by the employment of any one of the 
several batteries which have hitherto been constructed. The 
errors of a fashionable man, whatever may be the nature of 
his pursuits, are almost sure to lead those astray who have 
eitjier no desire or no opportunity to judge for themselves, 
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and there is not, perhaps, amongst the numerous errors into 
which Dr. Faraday has fallen, one more eminentl]^ calculated 
to mislead the unwary experimenter, than the pretended Accu- 
racy of the indications of an instrument, the principles of which, 
he either neglected to reveal, or of which he had not the slightest 
knowledge. The visionary voltameter has been a favorite 
instrument with experimenters, only because of their credence 
in the assertions of its author, and some of them have thus 
been led into errors which would otherwise have been avoided, 
amongst the records of their own discoveries. 

255. If we wish to arrive at a knowledge of the powers of 
any voltaic battery in the proce;ss of decomposing water, there 
are several particulars which are necessary to be attended to : 
some of which will vary with almost every form of battery, 
whilst others are common to all batteries whatever. 

256. The fi^st essential point to be determined is, which is the 
most influential body in facilitating decomposition when dis- 
solved in the water to be operated on ? And as that solution 
which facilitates deepmposition the most in one case, will also 
facilitate it to the greatest oxtent in all, whatever may be the 
form of battery employed, the determination of this point be- 
comes easily accomplished. A solution of sulphuric acid is now 
generally placed in connexion with the platinum terminals in 
&e decomposing apparatus : and I have not found any other 
which facilitates decomposition to the same extent, when the 
water is to the acid as about 5 to 1. The mixture ought to 
be made some hours prior to its being placed in the apparatus, , 
otherwise its heat will soften the cement so as to give way to 
the liquid pressure, and become leaky. Whatever may be the 
real character of the action of bodies which facilitate the decom- 
position of water whether it be a mere mechanical separa- 
tioli of ^its particles, which makes them more assailable to 
the electric forces^ — an improvement in its electro-conduc- 
tion, and thus permits the introduction and consequent flow 
o^a greater quantity of electric fluid ; or whether it admits of 
an improved electro-polarization by an association with the 
particles of the dissolved body, remains a problem, for which 
philosophers have not yet found a solution. 

257. The second consideration is the distance between the 
platinum terminals in the decomposing apparatus, which can 
hardly be too small, provided they do not absolutely touch one 
another. This is a fact generally known, and like the former 
particular, applies to all batteries whatever. 

258. The third thing to be determined in the decomposition 

oj water, is the size of the terminal metals in the decomposing 
apparatus: for the extent of decomposition will vary.^very 
VoL. V, — No, 26, August^ 1840. U ^ 
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considerably with terminals of different extent of surfaces. 
With feeble batteries, it is necessary to concentrate the elec- 
tric force to a mere point before any decpmposition of water 
can be accomplished ; hence, in such cases, short thin plati- 
num wires are preferable to terminals of larger dimensions. 
The decomposition of water, however, is not uie best test for 
ascertaining this law with precision, when the intensity of the 
battery is very feeble. Perhaps the following experiment will 
answer as well as any. 

259. EoUperimcnU — Employ a battery of one pair only, of 
small dimensions, and let the liquid operated on be a strong 
solution of sulphate of copper. Let the terminal metals be sheets 
of platinum foil of 3 or 4 square inches each ; and immerse 
them both completely in the cuperous solution. No decom- 
position is perceptible, even though the conn,exions be con- 
tinued for more than an hour : but a galvanometer placed in 
the circuit, indicates the existdhce of a current. Let, now, 
the negative terminal be taken out and wiped dry, and then 
immerse only one of its corners. In a few* minutes the im- 
mersed corner will be covered with precipitated tiopper, indi- 
cating decomposition by the force of the concentrated current 
at that point : but the galvanometer needle indicates a much 
feebler general current than when the platinum plate was 
wholly immersed. By immersing the ewner of the platinum 
,terminal to different depths in the solution, the exact amount 
of. metallic surface which just allows of decomposition, may 

‘ bo discovered. And it will be found, in all cases, that as the 
immersed surface increases, the magnetic deflections increase 
also. Hence it becomes obvious that the powers which such 
feeble currents exercise on a magnetic needle are no indications 
of the chemical powers of the battery ; unless, indeed, we 
look for the one as the reverse of the other. There are several 
interesting facts on this nice subject ; but as the principal ob- 
ject of this memoir is to investigate the powers of the most 
formidable batteries known, 1 shall not dwell upon them till a 
future opportunity presents itself. 

260. The fourth point to be determined' to effect the maxi- 
mum of decomposition of water, by voltaic electricity, is the 
proper extent of the voltaic series^^ or of the proper unit of interim 
sity of the battery ; and as the intensities of different batteries 
with the same extent of series, differ very much from each other, 
the determination of this point must be of great interest to ex- 
perimenters generally. 

261. Having now pointed out four grand particulars' to be 
attended to for obtaining a maximum decomposition of water 
Vy. voltaic electricity, 1 will next proceed to describe the 
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results of a few series of experiments made witli.the various 
kinds of batteries already noticed. ^ 

Table of Experiments on the Decomposiiion of Water^ 
with various Series of Professor DanielCs Voltaic Battery 5 
with the two Eleclro^asometers described in f 253 J. 


No. of pidi’s in 
Belles. 

Quantity of Gas obtainuil per Minute. 

10 

rtom the Large Terminals. 
} 

From tliH Small Terminal** 
„ > 

9 

otj. 

81 

8 

71 


7 

7-1- 

fi? 

C 

ft? 

rji 

‘i 

. 5? . 


4 






ij 

1 2 Srnrrolv iin> 

' from r*!rher. 


262. Each of the above ^bulated results, is the mean of 
several trials ; they furnish us with a knowledge of the unit of 
intensity, of this kind of battery, which is obviously that given 
by a series of 5 p^rS. And although the decomposition by an 
extensive battery, would not sillier much loss by employing 
a scries of either 6 or *7 pairs, yet any series above 7 or below 
5, would be attended with a great loss in the quantity of de- 
composition in a given time. 

263. Another essentiiil feature in these results, is in the 
quantities of gas liberated by the different sized terminals ; the 
larger ones invariably producing the greater quantity.^ 

264. In another series of experiments with Mr. DanieTTs* 
battery, and the electro-gasometer with the larger plates (245), 
I obtained 10 J cubic inches of the mixed gases per minute, with 
a series of 10 pairs ; and with lower series, the rate of decom- 
position w^as nearly proportional to that in the above table ; 
thus indicating by both sets of experiments, that the proper 
unit of intensity is a series of 5 pairs : for by employing 
the ten pairs in two series of 5 pairs each, I obtained above 

cubic inches of the gases per minute. 

265. Table of Experiments on the Decomposiiion of Water, 
by various Series of Voltaic Pairs of Cast Iron and amalga- 
mated Zinc, as described in paragraph (2ZQ). 


No. of Iron .Tors 
in serie.s. 

Cubic Inches obtained per Minute. 


Large Terminals. 

Small Terminals. 

10 

14 

10 

9 

* n 

89 

8 

10 

7* 

7 



ft 

6 

::: ^ 2 ? i 

ft 

21 

2 r 

4 

... . . . • 

... 1 

3 

Scarcr .17 niiv. I 
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266. The first thmg to be observed in this table, is the supe- 
rioriijr of action by the large terminals, over that by the smaller 
ones ; and in a much greater degree, than by Daniell’s form 
of battery. 

267. The next thing to be Observed is the rapid increase of 
decomposition, by an increase of the voltaic series, even up to 
ten pairs ; by which we understand that the whole in one 
series, is much more powerful than in any other way we could 
combine them; and it is probable, that by extending the 
series wc should discover that the proper unit of intensity, is 
considerably greater than that given by ten pairs. 

268. The above results were by the employment of the first 
ten pairs, of this kind, that were constructed ; but since the 
time the above expermiments were made, I have obtained 22 
cubic inches of the mixed gases per minute with the 10 pairs 
in series; I have also got 20enew iron jars cast; with 10 
pairs of which I have obtained 99 cubic inches of the gases 
in four minutes action : and I am in hopes of arriving at a 
still greater rate of decomposition. In m ckses .with the iron 
batteries, the decomposition has increased rapidly up to ten 
pairs in series, indicating that a still ‘higher intensity is re- 
quired for the most advantageous unit of intensity. 

269. Table of Experiments on the Decomposition of Water ^ 
by various Series of Voltaic PahrSy on the principle of Mr. 
Smee^^attery. The Electro-gasometer^ with large Terminalsj 

245 ) was the only one employed in this series of experiments^ 


No. of Taira 
Series*. 

Cubic Inches of 6 aaea liberated in One 
Minute with large TermizuiLi. 

c ( ) 

2 


3 


4 

........ 4 

5 

if 

fi 


7 


8 

11 

f| 

13 

10 



27 0. If we look to the rapid increase of decomposition from a 
series of 6 pairs to the series o^ 10 pairs, we are soon con- 
vinced that to employ a series of 10 is more advantageous 
than any series below that number ; and it is very probable 
that the proper unit of intensity with this battery, as with the 
cast iron one, is considerably above that given by a series of 
1 0 pairs. This point, however, must be determined by future 
experiments, as I have not, at present, more than 10 pairs 
at" command. But the experiments detailed in the above table, 
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will be a sufficient guide, for the present, for any person em- 
ploying no more than 10 pairs at once, because it is ob«vious 
that the decomposition of water will be accomplished to the 
greatest extent, by employing them in one series : which also 
appears to be the case with the«cast iron battery. 

271. Experiments on the Decomposition of Water ^ hy 
various series of Voltaic Pairs^ upon the principle of Mr. 
Grovers Battery. The decomposing apparatus with the 
larger terminals was used 245. 


No of Pairs in 
Series. 

Cubic Inches of Gas per Minute. 

• 2 


3 


4 ....c. 

9 

a 

n 



14 

7 

10- 


IS 


21 

• 10 

P.... 24 


272. From the results of this scries of Experiments, it is ob- 
vious that the 10 pairs in series produce more decomposition 
than by any other combination of them ; and it is probable 
that a still more extensive series would be the proper unit of 
intensity for accomplishing the maximum of decomposMin by 
this kind of battery. Mr. Grove has, I believe, const^fiUjr*' 
employed his battery in series of 5 pairs only, which seri^ is 
obviously too small, and occasions a considerable loss of 
decomposing power. 

2^3. Suppose, for instance, that a battery of 30 pairs were to 
be used,* in six series of 5 pairs each, then as 5 pairs give 
1 1 cubic inchq^ of gas, 5 x 6=30 pairs, would give 6X1 1=66 
cubic inches. But 30 pairs in tnree series of 10 pairs each 
wpuld give 3X 24=: 72 cubic inches of gas, which is six cubic 
inches more than by Mr. Grove’s mode of combination. 

274. In order to compare the decomposing powers of these 
batteries, it will be necessary to ascertain their relative me- 
tallic surfaces exposed to the exciting media. They stand as 
below for each pair : — 

Daniell’s =360 square inches of metallic surface* 

Smee’s ...=192 do. do. 

Sturgeon’s=162 do. do. 

Grove's .•.=104 do. do. 

275. Thus, by fuming Mr. Grove’s battery as theunifcnf 
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surface, and also the standard of decomposing power, we shall 
hmo,’. 

Metal. Gas. Metal. Gas. 


1U4 

162 

: 25 : 

: 194 : 

.. 

14-8 

Utroye s 
Sturgeon’s 

192 

: 15 ; 

: : 104 : 

1 8-1 

Smee’s 

360 

: 12 : 

; : 104 : 

; 3-5 

Daniell’s 


276. Hence it appears, that if the whole of the batteries ex^ 
posed precisely the same extent pf metallic surface to the exist- 
ing liquid, that invented by Mr. Grove would have a decided 
preference, and Professor Daniell’s battery would hold but a 
very low rank in point of decomposing power. But if we 
view them individually according to their respective sizes in 
which they have been employed in these experiments, then 
their maximum powers that I have obtained, will stand thus : 

I, 

Sturgeon’s ... 25 Cubic inches of gas per minute. 


Grove’s 24 do. do. 

Smee’s 15 do. ^ do. ^ 

Baniell’s 12 do. do. 


277# The next consideration is the* cost of these batteries, 
both as relating to the first purchase, and the current expense 
of keeping them in action. The price given for 12 pairs of 
Smee’s construction, Mr. Lockett informs me, was £32. 
Heij^the price of 10 pairs would be £26 13s.* — The price 
• pairs of each of the other kind of batteries is, Grove’s 

£7'. — Daniell’s £6. — Sturgeon’s £3 10s. 

278. The excitation is carried on by about the same quantity 
of suphuric acid in each battery ; and in Smee’s, and the iron 
batteries, no other expense is required. But in Grovers 
battery 1^ lbs. of the best nitric ^acid for 10 pairs ,is us^d in 
addition : and in Daniells, about 5 lbs. of sulphate of cop- 
per, in addition to the sulphuric acid, is used fdr 10 pairs. In 
both these latter batteries, there are also diaphrams w^ich 
are continually falling into decay, which is another current 
.expense attending these batteries. The mercury employed in 
the amalgamation of the zinc, would be nearly the same in ^ 
^e forms of battery hitherto described ; but the time occupied 
,in fitting up is very different indeed: the iron batte^ requir- 
ing much less time than any of the other forms. Hence as 
far as the decomposition of water is concerned, the iron 
battery has a decided advantage, both in point of power and 

• There can be no question, of this being: a very extravagant price, as I am 
confident that it can be had for less than half that money, either from Watkins 
and Billy Clarke, Carey, Jones, Newman, or Harris, c 
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economy : and is so ample, that it is manageable by any per- 
son : and wbat is another point in its favor, it works best 
when quite rusty : and retains fts power a long time. 'The 
hydrogen is certmnly an annoyance, but 1 have hit upon a 
contrivance to remove it, which .1 shall describe in the sequel. 

( To be continued in the September Number.) 


XVII. — Description of a New Compensating Pendulum. 

By William Gwynn Jones, A. M. 

(Extracted from Silliman*s Journal.) 

During the latter part of the past year, while engaged in 
some interesting astronomical observations which required 
considerable accuracy, it was indispensable to procure a time- 
keeper whose rate would not Mb affected by the variations in 
the temperature of the weather, to which all such machines, 
of ordinary construction, are liable. The expensiveness of a 
chronometer ^hich could be •relied upon for such a purpose, 
rendered a resort to §omc more economical instrument de- 
sirable, if it could bo depended upon. The gridiron pendulum 
as well as the mercurial one, both of which have been designed 
to effect this object, Vere found unsatisfactory ; the former 
from the difficulty of procuring an exact adjustment of the 
different rods of which it is composed, so as to prodyM the 
desired counterbalancing expansion and contraction, andtfisii^- 
mercurial pendulum proving upon experiment too sensitivVto 
be relied upon. Under these circumstances, I contrived a 
simple arrangement for a pendulum, acting upon the principle 
of the lever, which performed with so much accuracy that I 
have been induced to present it to the notice of the readers of 
the American Journal, believing it will not prove uninterest- 
ing to those engaged in scientific investigations requiring 
gr^t uniformity of action in a time-keeper. The arrange- 
ment of the parts is so simple as to be readily understood by 
any skilful workman, and as it is entirely free for the adop- 
tion of any one who may prefer its construction, I have 
prepared a description and diagram to render it intelligible. 

Fig. 5 plate 3, shews the whole pendulum, the dotted lines 
representing similar parts to those on the opposite side, and are 
introduced to render the drawing more easily understood ; 
ft is a similar spring to that which is attached to the pendulum 
of an ordinary eight-day clock, and is firmly attached to the 
perpendicular brass bar i. Through h there is the usual 
opening for the guy-wire, which gives motion to thependukun. 
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lliis bar is firmly ajBixed to the transverse bar c eidier by 
riveting or soldering. On each end of the bar c there is 
attached a brass rod d, and one inch from each of these 
there is also affixed a steel rod e, e. These four rods pass 
through the barp, which is intended merely to preserve them 
in their proper position, and is attached to me two brass 
rods by a pin passing through both, while the steel rods are 
allowed to move freely through the boles. At^ a transverse 
bar or lever is affixed to d by a loose pin passing through 
them, and the same attachment is made to the steel rod e at 
g. This bar is four inches long, three inches of which extend 
from g to /£, and a similar one is attached to the dotted rod d 
and extends on the opposite side. At h there is another loose 
attachment to the rod 2 , which is of steel, and which is again 
affixed to the bar k. At h there is apermanegat bar which 
passes through the weight o, and has the usual adjusting 
screw n at the bottom. * 

Rationale.^^}ipgoQe that by an increased temperature of 
20% the steel rods e, e, are expanded in length ^ of an inch. 
The rods d, d, being of brass, a^id a small fraction larger than 
the steel, will expand ^ of an inch by the same increase of 
temperature, it being an establi^eS theory with the best 
French chemists, that the relative effect of the temperature 
upon the two metals is as 3 to 5, or nearly double the expan- 
sion in brass as in a steel rod of similar size. The outer rods 
thep4cav6 expanded in length of an inch more than the 
rods. It will be apparent from a slight inspection of 
thb drawing, that as the brass rod d and the steel one e are 
attached by a connecting pin to the transverse bar f A, that 
by d expanding more than e, that^A becomes a lever, g being 
the fulcrum, and as g h is three times as long as/^, conse- 
(juently if d be expanded mor^ than e, the end A wiH bo 
mevated of an inch, and thereby raise the weight o ^ of an 
inch more than the expansion 01 d has depressed it. This 
increiji^ed elevation is intended to allow that the spring n ^he 
bar A, the rod f, and the bar unitedly, 'will expand ^ of an 
inch also, and if so, it must be apparent that the whole pen- 
didum has preserv^ its equilibrium and remains precisely of 
^e same length as if no change had taken place in any of its 
parts. 

Fig. 6 plate 3, shews a perpendicular view of the transverse 
bar /A, arranged so as to admit the corresponding bar for the 
other fiide to work freely, and at the same time preserve the 
four uMer rods upon a line with each other, which, as the 
levers mtrude within each other, could not be done without the 
ree&ss as jahewn in the section. The same letters correspond 
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to the same parts in Figs. 5 and 6. The dotted lines in Fig. 6, 
are intended to shew the relative position of the lever whjch is 
attached to the dotted line d^ Fig. 5, in regard to the other. 

Baltimore, Md., 1834. 


XVIII. — -Description of an Economical Apparatus for 
Solidifying Carbonic Acid^ recently constructed at the 
Wesleyan University^ Middletown^ Conn. By John 
Johnston, A. M., Professor of Natural Science. 

The solidification of carbonic acid has of late excited con- 
siderable interest both in Europe and in this country ; but the 
cost of the necessary apparatus has been considerable, and 
many probably fcave on this account, merely, been prevented 
from making any attempt to repeat the experiment. Most of 
our public literary institutions, in whi(ih alone in this country 
such apparatus is ever used, are obliged to study economy, 
and they are therefore often liable to be prevented from avail- 
ing themselves of the benefits of new discoveries like the 
present, merely on acc<5unt*‘of the expense of apparatus. 

It is therefore thought a description of an economical ap- 
paratus for solidifying carbonic acid may he acceptable to the 
public, though we do not pretend to offer anything new on 
the general subject. 

The generator A, fig. 7 plate 3 is made of a common 
flask, several of which I have tested and find sufficiently striing. 
They may be purchased in New York for a dollar a piece, or 
even less. The aperture at the neck may be a little enlarged, so 
as to make it an inch or an inch aiul a quarter in diaiheter, and 
the •thread of the screw i^-cut. A plug of cast^stecd B is 
made of & bar two inches in diameter, and turned with a wide 
and smooth shoulder, so as to fit accurately upon a collar of 
block-tin when screwed into its place, as i^presented in the 
figifre. This collar should be soldfted to the iron ; ^ich is 
easily accomplished by filing the iron bright and tinning it in 
the ordinary manner, and then melting the blocH-tip apd pour- 
ing it' on, having first screwed^ a cork into the and 

forihed a wall of putty or cl^ *at a sufficient distance around 
it. The shoulder of the plug is readily made to fit the collar 
accurately by screwing it a few times into its place, and then 
removing with a coarse file the parts of the collar upon which 
it touches. In this manner an accurate joint may be made 
without the use 6f a lathe ; and if the plug does not corres- 
pond precisely with the axis of the flash it is just as well.^ 
The faucets oi» stop-cocks are the most difficult part to 
VoL. V — No. August, 1840. S 
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construct, |ind occasion full half the expense. These in our 
apparatus are supposed to be essentially the same as are used 
by others for this purpose, but it may not be amiss to insert a 
description, since none has to my knowledge been given. There 
is this peculiarity about ours, however ; they are inserted in the 
cast-steel plugs, which indeed" make a part of them. D fig- 8 
plate 3 is aesigned to represent the plug removed from the gen- 
erator ; at the upper end of it a hole F one inch in diameter is 
drilled about an inch deep, terminating in a hollow cone into 
which the point G fig. 9, is accurately ground. A small hole 
extends quite through the plug. Around the aperture F a collar 
of block-tin is fitted to receive the shoulder of the part £, as 
seen at I, and prevents any passage around the threads of the 
screw. Through the axis of the part E a hole three eighths 
of an inch in diameter is drilled, and receives the part G 
which is screwed in from below, the handle H being removed. 
The handle H should be aftervt-ards riveted on. 

Now suppose H E G to be inserted in its place in the 
cast-steel plug, as represented at B I, fig. 7, the plug itself being 
screwed into the generator. If H' be screwed down, the 
aperture from tho generator is firmly closed by the conical 
point G ; and by giving IF a single revolution in the opposite 
direction, the shoulder of G is brought firmly against the 
bottom of E, so that no escape is permitted directly upward, 
but only in a lateral direction through the brass tube L, which 
connjjcts the generator with the receiver C. A washer of 

lead should be placed around the shoulder of G, in 
ord^ to secure a perfect metallic contact between it and the 
bottom of £. 

The receiver C is made of the best boiler iron, which was 
strongly welded around a cylinder and a bottom also welded 
.in« It is of the same height as the generator, whichris about 
one foot, but only about two inches in diameter internally, 
and has a caimcity of about one pint. This form enables it 
to resist much greater pi^ssure than if it was of a larger dia- 
meter ; and it is rather an advantage than otherwise to have 
it of the same length as the generator. 

A. caist-stael plug with stop-cock precisely similar to the 
one described, screws into the receiver, as the other does into 
the generator. The tube L screws into the plug which is 
inserted in the receiver, and the other end, turned to a conical 
point, fits accurately into a cavity in the plug B, and is held 
in Sts place by means of the stirrup screw M. Another Stirrup 
screw: N|' ana 6lock of wood O, secures the receiver C in its 
places. 

use l£is apparatus the generator and receiver are sepa- 



139 


By Professor Johnston, 

rated, and the plug B being removed, two pounds of bicar- 
bonate of soda, m^e into a paste with the same weight of 
water, are introduced into A, and twenty ounces* of strong 
sulphuric acid are poured into several lead vessels, made by 
soldering bottoms in pieces of lead tube a little shorter than 
the length internally of the generator, and of such a diameter 
that they will just pass the aperture. These being nearly 
filled with acid are dropped into the generator, which, after 
the plug B is inserted, is allowed to lie on one side for fifteen 
or twenty minutes, or a less time if it is several times rolled 
over to mix the acid with the soda. The receiver is then 
attached to it as seen in the figure, by tneans of the stirrup 
screws M and N ; and if kept sufficiently cool by means of 
ice, the liquid carbonic acid formed in A will shortly be dis- 
tilled over into.C, the passage between them being of course 
previously opened by means of the stop-cocks before des- 
cribed. • 

The stop-cocks are now to be. closed and the receiver, 
which now contains the diquid carbonic acid, separated from 
the generatof. A small tin^up is then to be attached to the 
tube L, precisely as int Dr. Mitchell’s apparatus, t to receive 
the jet of the acid from the receiver. It is essential that the 
liquid acid should escape into this cup, which is effected by 
having a small tub^ pass from the steel plug nearly to the 
bottom of the receiver, or by inverting the receiver before 
opening the stop-cock. 

The best method of testing the strength of the apparatinr^ 
is by means of a hydraulic press, but it can be done as effec- 
tually by permitting it to lie, when charged, exposed to the 
direct rays of the sun, and excluded from currents of. air, till 
the temperature rises to 100^ efr 110" F. This should be 
done two or three times brfore running any risks by ventur- 
ing to handle the apparatus while charged. 

It has been*our object to construct an apparatus for forming 
thi solid acid merely, but the gauges for ascertaining the 
pressure, &e. might of course be added as in Dr. Mitchell’s 
ap^ratue. 

The above apparatus, including the expense of testing 
three times, cost us aoout nineteen dollars. 


• The quantity of acid required to laturate or neutralize the soda would be 
alittlu moTethan24 oz., or 32 oz, only .if the soda it in crystals, but some- 
thing less than this should always be used. 
i Journal of the Franklin Institute. Vol. xxii. p. 289, and Vol. xxxr,^^6 

ofSilliman’sJoumaU 
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XIX . — Organic Chemistry. Memoir on the Essence qf 
• Crystallized Peppermint. By M. Walter. 

(Extracted from the Comjptcs Rendus.) 

In a note I had the honor of communicating to the academy 
relative to the essence of crystallized mint. 1 endeavored to 
discover if it were necessary to place this among a group of 
peculiar bodies, of which, ordinary camphor would be the type ; 
or if its place ought to be in that very nearly related, and at 
present so numerous, group of alcohols, of which ordinary 
alcohol is the type.* The experiments 1 have tried decide in 
favor of the first opinion : in fact, the reactions which are 
exercised on ^he essence common sulphuric acid and per- 
chlorure of phosphorus, neat and decisive reactions, of which 
I shall treat in detail hereafter, are adverse to the idea of 
considering it as a common alcohol. The group with its de- 
rivatives is more numerous than we should at first be tempted 
to suppose. I have tried to represent it in the following 
table, m which several bodies are even yet, only hypothetical, 
and present gaps which I hope ere long will be filled up. 

C40 ^ J14 essence of mint H*^‘’^mcnthehe 

0‘^ unknown C*® I-P^ essence of teribenthine 

CAo J-J 28 ^ p[4 0‘^ camphor camphene 

C40 ^ £14 02 unknown unknown 

,, O" aniseed C^^II^^anisene ’ 

IT® + IP unknown C^* napthaline 

The essence of mint presents itself under the form of 
colorless prisms, of a taste and smell which belong to the 
essence of powdered mint. ' It is rather soluble in water, very 
much so in alcohol, spirit of w^od, ether, and essence of 
terebenthine ; its point of fusion is at 34'^c., the point of ebulli- 
tion 213'^’c., under the pressure of 0‘“.76. Anhydrous phos- 
phoric and ordinary sulphuric acids, perchlorate ot phospbo)aia, 
dry chloride acting sometimes in the dark and sometimes as- 
sisted by the solar rays, exercise particular reactions. My 
analyses agree with those of M. Dumas, and the density of 
the vapor which I have found for him. The following are the 
data of one of these analyses ; 0.3225 essence of mint, 0.9055 
carbonic acid, 0.372 water, which gives in centiemes 77.68 
carbon, 12.83 hydrogen, 9.19 oxygen: these results agree 
with the rational formula C^, which gives 77.27 car- 

bon, 12.62 hydrogen, 16.1 1 oxygen. The density of the vapor 
was found 4.62 ; calculation gives it 5.455. An equivalent of 
easence contains four volumes of vapor. 
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By M. Walter. 

Menthine . — Causing anhydrous phosphoric acid to react on 
the essence of mint, we obtain a particular liquid body to 
which I have given the name of meuthtme. Distilling ifonce 
or twice over anhydrous phosphoric acid is sufficient to purify 
it. This liquid is clear, transparent, and of an agreeable 
smell, its taste is cool ; it is soluble in alcohol, ether, &c. ; 
burns with a sooty flame, boils at 163'^c., under a pressure of 
0.76 ; its specific gravity is 0.851 at 21 ’c. Chlore and nitric 
acid react in a peculiar manner : brome produces it in a very 
characteristic deep red colorisation : subjected to analyses it 
has afforded me the following result : 0.372 menthene, 1.178 
carbonic acid, 0.426 water, or in centiemes 87.59 carbon, 12.71 
hydrogen. This result agrees perfectly with the formula 
(^10 which would give 

C^« = 1530=87.18 
1F'= 225=12.12 

I took the density«of the vapor twice, and found it *=“4.9 ; 
the calculatioti, according to*the formula quoted above, gives 
4.8. Hence an equivalent of menthene contains 4 volumes 
of vapor. 

Common sulphuric acid when cold exercises no sensible 
action on the essence of mint : the mixture only takes a red 
color ; but if we heat it in a sea-bath it divides itself into two 
strata, one colorless and fluid, the other thick an(^.deeply 
colored with red ; the upper stratum supplied several 
with cold sulphuric acid exhibits all the characters and com- 
position of pure menthene, the other, thick, saturated with dif- 
ferent bases, gave me nothing from w^hich I could infer the 
existence of sulpho-menthic acid.* 

Clilor^menlhine . — In ofder to prepare a chlorhydrate of 
menthtme analogous to the chlorhydrates of bicarbonated 
hydrogen or inethyltme, I caused some perchlorure of phos- 
plil^rus to react on essence of mint ; the fraction was very 
lively, it disengaged abundant vapors of chlorhydric acid. By 
distilling the whole in a small excess of perchlorure of phos- 
phorus, there passed in the recipient, first, protochlorure of 
phosphorus, then perchlorure,»and finally, an oleaginous body. 
The mixture supplied with water, caused to appear on the 
surface of this latter an oleaginous body, which^ washed with 
water and a solution of carbonate of soda, afterwards redis- 
tilled twice in perchlorure of phosphorus, washed, put in con- 
tact with chlorure of calcium melted, and placed in vacuo, 
was subjected to analysis. 

0.24 of matter ^ave 0.608 carbonic acid and 0.214 water., 
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On Crystallized Peppermint. 


0.3565 ef matter decomposed by incandiscent lime, furnished 
of chloride of silver. 

These reduced to centiemes, give 

Carbon 70.09 

Hydrogen 9.89 

Chlorc 20.87 ^ 

They agree with the formula of chloro-menthene, which is 

=69.91 
9.77 
Cl* =20.32 


Chloro-mentliene is a pale yellow liquid, its smell is aro- 
matic, resembling that of mace flowers, the taste fresh; it 
boils at 204 c., and burns with a fuliginous flame edged with 
green : a concentrated solution of caustic potassa has no efifect 
upon it. Hence collecting these characteristics we may con- 
clude that menthenc and chloro-racnthene are two bodies of 
the same type, having the same relationship between them as 
defying and chloro-lefying gas, or further, as acetic and 
chloro-acetic acid. • 

The action which chlore exercises on^thc essence of menthene 
gives rise to compounds of a complicated composition. Caus- 
ing dry chlorc to pass through essence of mint, abundant 
vapors of chloror-hydric acid are liberated, and we at length 
obtain a yellow liquid more dense than water, which, purified 
and dried by the ordinary methods and subjected to analysis, 
gjtyfT the following result : 0.338 matter, 0.7 carbonic acid, 
0.22 water. — O' 365 matter gave 0.557 chlorure of silver, or 
in centiemes, 


Carbon 

Hydrogen ... 

Chlore 

Oxygen 


49.92*^ 

6.29 

37.6 


This composi- 
tion' agrees very 
nearly with- tlfc 
following for- 
mula: 




=1530=50.4 
H3i= 193= 6.3 
CP =1106=036.5^ 

o* = ;?oo= 6.8 


This product '-exposed to the action of chlore and sglar 
light becomes more pale, viscous, loses also 6 equivalents of 
hydrogen which are replaced by 6 of chlore ; in short, 0.321 
matter employed gave 0.411 carbonic acid, 0.112 water; 
0.283 matter furnished 0.G43 cjilorure of silver. Thesei data 
reduced to centiemes become 


Carbon 34.42'| 

Hydrogen ... 3.87 1 
Chlorc 56.0 


Which agrees 
-with the for. 
mula : 


Oxygen 


fC« .= 1530=-35.4 
=. 156=. 3.6 
Clii =2434=56.3 
,0* = 200= 4.6 


I now pass on to the reactions produced by nitric acid and 
cldi^e on menthene. 
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Cold nitric acid exercises no action ; but on warming it, 
the reaction is made with extreme violence : numerous recti- 
lant vapors and carbonic acid are liberated. At the en^ the 
reaction is made with extreme difficulty.' Wc obtain a yellow 
liquid soluble in water and alc<9hol, which, purified and sub- 
mitted to analysis, gave the following result : 0.374 matter, 
0.582 carbonic acid ; 0.222 water or in centiemes, 43.05 car- 
bon ; 6.5 hydrogen, 56.45 oxygen, which nearly agrees with 
the formula ^ This acid demands a particular 

study. 

Causing dry chlorc to pass through mentheiie, the chlore 
attacks it in a very energetic manner, and changes it into a 
juicy liquid of a yellow color, which, purified and dried in 
vacuo, gave the following result: 0.311 matter, employed 
0.441 carbonic .acid, 0.136 water; 0.282 matter, employed 
0.653 chlorure of silver, or in centiemes : 


Carbon 39. 2’ 

Hydrogen... 4.^8 
Chlore *5.71 


Which tends to 
the formula : 


C^‘^ =1530=39.18 

IP5= j(32= 4.17 

CP« =2213-56.67 


In this reaction, the jnenthene has lost 10 equivalents of 
hydrogen which have been replaced by 10 of chlore. 

All my attempts to produce with essence ot mint and the 
different reactives of t!he compounds analogous to those which 
afford us alcohol, ^irit of wood, ether, placed under the same 
circumstances hallfcg failed, the action of sulphuric acid, per- 
chlorure of phosphorus, and phosphoric acid having always 
given me very particular and novel results, we may conclude 
that essence of crystalised mint cannot be regarded as an or- 
dinary alcohol. Hence I shall be led to place it in the same 
group with camphor and acetone, which it very much re- 
sembles. • • 


• — - — - — 

XX . — Researches on the Phenomena resuliimf from the intro- 
dUction of certain Salts in the way of the circulation. 
By M. Blake. 

( Extracted from the Comptes Bendiis.) 

Solutions of several salts, potassa, soda, ammonia, baryte, 
lime, and magnesia, have been, says the author, injected into 
the veins or arteries, and the resulting phenon^^na have in 
most cases been studied with the assistance of the hoemodyna- 
mometer. A striking difference in the physiological action 
of these substances, has caused them to.be divided into two 
classes ; the one containing salts which destroy the irritability 
of the heart as soop as any blood vitiated by theii* presehce 
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circulates -in the partitions of this intestine ; and the other 
containing those substances which, without diminishing the 
irrita*bility of the heart, cause death by stopping the blood in 
the lungs, by an influence which it seems to exercise over the 
capillary system of these orgaftis. These two classes of sub- 
stances, distinct as to their physiological action, are so also 
with regard to their chemical composition. 

In fact, salts which have soda for a base seem to be the only 
ones which exercise no action on the irritability.of the heart, 
whilst those of all other bases, at least all that we have tried, 
stop the contractions of the heart wdien they are introduced 
into the blood in any considerable quantity. 

Our author goes on to say that, if the presence of the salts 
of soda in the blood do not stop the irritability of the heart, 
it determines other perturbations which cause -these salts to be 
ranked as thjc most rapidly fatal poisons. If a solution of one 
of these substances be injected into the jugular vein of a dog, 
the arrival of the blood to the left heart, is hindered in about 
six seconds although the contractions of this entrail do not 
cease. At the same time the blood accumulates in the right 
heart and in the veinous system, producing on the partitions 
of the veins a pressure capable of balancing a column of mer- 
cury two inches in length. This pressure re-acting on the 
sides of the ventricules of the brain, as on all the other parts 
of the veinous system, must produce on tbe encephale a de- 
gree of compression quite sufficient to accGTOt for the sudden 
death which happens, to animals subjected to experiment, 
thirty or forty seconds after the injection of the poison in the 
veins. 

After death the heart still preserves its contractibility ; but 
BO powerful is the obstacle which the capillaries of the Ipngs 
oppose to the passage of these substances over tbeiP calibers, 
that it has sometimes been impossible to fiivi the slightest 
trace of them in^the left heart. If the quantity of the salt 
introduced in the vein is not sufficient to completely stop the 
passage of the blood over the lungs, their action on the 
capillaries is still demonstrated by the augmentation of the 
broncbic secretion, of which the quantity is increased so as to 
cause the animal to perish of lethargy after having filled the 
aerial ways. 

The phenomena which follow the injection of the second 
class salts in the veins are very different from those we have 
described above. The deepest method of studying their 
action, consists in injecting them in the veins of an animal 
whose thorax has previously been opened, and upon which 
th^ artificial respiration is practiced ; from seven to ten se- 
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conds after the injection, we perceive the movements of the 
heart cease, and the irritability of this entrail so completely 
destroyed, that however small the dose of poison has ’been, 
the application even of the two poles of the pile, some seconds 
after death, is insufficient to reproduce the contractions of the 
heart. Death does not follow with so much rapidity as when 
the pulmonary circulation is stopped, for we see the sensibility 
aud respiration continue from two to three minutes, after the 
pulsations of the heart have ceased. 


XXI. — “ Proceedings of the American Philosophical 
Society r — November and December^ 1839. 

The committee, consisting of Dr. Bache, Dr. Patterson, 
and Mr. Booth, to whom the paper of Doctor Hare, read at 
the last meeting of the society* was referred, entitled, ** Des- 
cription of an Apparatus for deflagrating carburets, phosphu- 
rets, or^cyanides, in \acuo, or in an atmosphere of hydrogen, 
between electrodes of charcoal ; with an account of the results 
obtained by these and other means, especially the isolation 
of calcium, and formation of a new fulminating compound, 
By R. Hare, M. D., Professor of Chemistry in the University 
of Pennsylvania,” reported in favor of publication in the 
Society’s Transactions. The publicfiition was ordered accord- 
ingly. 

The apparatus is of a convenient construction for the pur- 
poses designated in the title of the paper. The lower elec- 
trode or cathode is* a parallelopipedon of charcoal, on which 
the body is placed, to be subjected to the influence of one or 
more batteries ; and tubes with Valve-cocks, communicating 
witfi an •air pump, a barSmeter-gauge, and a reservoir of 
liydrogen, opey into the interior of a ground plate, on which 
a belUglass is fitted, air tight. In the e^eriments of the 
author, an equivalent of lime was heated with one equivalent 
and a half of bicyanide of mercury, in a porcelain crucible, 
enclosed in the alembic made for this purpose, and described 
in a former paper. The weight of the residue was such 
as would result from the union of an equivalent of calcium 
with an equivalent of cyanogen. This was then subjected 
to galvanic action on the cathode of the apparatus, the 
anode being brought in contact with it, and the result 
w'as the production of masses on the charcoal, having a 
metallic appearance. 

Phosphuret of calcium, exposed in the same manner in the 
galvanic circuit, Jeft pulverulent matter which effervesced 
VoL. V. — No. 2fi, August^ 1840, T 
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in water,, and, when rubbed on porcelain, appeared to 
contain metallic spangles, which w^ere rapidly oxidized in 
the £Cir. 

In one experiment, particles of charcoal, apparently fused 
or resembling plumbago, dropped from the anode. 

After heating lime with bicyanide of mercury, the mass 
was dissolved in acetic acid, in which nitrate of mercury pro- 
duced a copious white precipitate, that detonated under the 
liamraer like fulminating silver. 

On a New Compound of Deutocliloride of Platinum^ Nitric 
Oxitlc^ and Hydrochloric Acid. By Henry D. Rogers, 
Professor of (Jcology in the University of Pennsylvania, 
and Maktin H. Boye, Graduate of the University of 
Copenhagen. 

This substance is procured by dissolving platinum in an 
excess of nitromuriatic acid, and evaporating nearly to dry- 
ness; after which it is treated with aqua regi?, freshly prepared, 
from concentrated hydrochlorie and nitric acids. A little 
water is afterwards added, drop by, drop, just sufficient t§ 
keep the chloride of platinum dissolved, when the compound 
w'ill remain in the form of a gamboge yellow powder. It is 
then separated by decanting and filtering, and pressed between 
the folds of bibulous paper, and dried in vacuo over sulphuric 
acid. ,, 

The precipitate is a yellow, minutely crystalline powder, 
which absorbs water with great avidity. It may be preserved, 
without decomposition, in dry air, or in vacuo. It is decom- 
posed by w^ater, alcohol, &c., with extrication of nitric oxide, 
chloride of platinum remaining in solution. A concentrated 
solution of chloride of platinum has, however, no action ofi it. 
Heated in an atmosphere by hydrogen, it gives, off a large 
amount of chloride of ammonium^ leaving It residuum of 
metallic platinunT. ^ 

Analysis — The salt analysed, was prepared and kept in the 
manner described. Heated to the temperature of 212"^ F., it 
does not part with any of its water of combination. For esti- 
mating the amount of platinvm and chlorine, the salt was 
fused with carbonate of potassa, &c , and the platinum, thus 
obtained, weighed by itself, and the chlorine precipitated from 
the solution by nitrate of silver. 

The quantity of nitric oxide was determined by introducing 
a portion of the salt into a graduated tube, inverted over 
mercury, and decomposing it by letting up the requisite pro- 
portion of water. 
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The mean of a series of experiments, varied in different 
ways, gave 

Platinum, - 41.26 per cent. 

Chlorine, - 43.89 “ 

Nitric oxide 4.98 ‘‘ 

The above results correspond to five atoms of bichloride 
of platinum ; five atoms of h}^drochloric acid, and two atoms 
of nitric oxide. The water was calculated from the loss, in 
the analysis, to be equivalent to ten atoms. 

Respecting the chemical nature of this compound, it may 
be regarded, either as a chloride of platinum, with a muri- 
ate of nitric oxide, represented by the following formula, 
(Pt CP) •' + [(Cl fl) f + (NOy] + 10 Aq, or as a double 
chlorosalt, a chloroplatinate of nitrogen, with a chloroplatinate 
of hydrogen, represented by the formula, [(Pt CP)^-|-N CP]^ 
+ (l»t Cl* + HC1)+14 Aq. 


Hall Ojf ilie American Philosophical Society. 

• •PHILADELPHIA, December^ 1839. 

To the Hon. Joel R. Poinsett, Secretary ofWar^ ^c. 

Sir : — The undersigned have been appointed a committee 
of the American PhUosophu^al Society, to call your attention 
to, and invite, through the medium of your department, co- 
operation in, the extensive system of magnetic and meteoro- 
logical observations about to be made under the direction of 
the British Government, and in connexion with their Antarctic 
expedition, particularly directed towards magnetic investiga- 
tions. 

The science of terrestlal magnetism has of late years made 
greit a^lvances, through •the instrumentality of Humbolt 
Hansteen, Gauss and others, and has now reached that point 
where a system of combined observations at widely distant 
poj^its over the surface of the globe, appears to be necessary 
to Its further progress : desultory effort has already done all 
that it is com])etent to effect. Such a series of systematic 
observations has now been set on foot by the British Govern- 
ment, directed to a better detqj-mination of the magnetic lines, 
for the use of navigators, and to the accurate investigation of 
the magnetic elements for theoretical purposes. The objects 
embraced are the measurement of the magnetic Intensity, dip, 
and variation, at different stations, by a ifautical expedition, 
and at fixed observatories, and especially the investigations of 
the variations of these elements at the latter points. As sub- 
sidiary to these objects, combined meteorological observations 
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are to be made, which cannot fail to elucidate some of the 
most important questions in this useful science. 

The magnetic changes to be investigated are of three kinds : 
first, those which, depending upon a cause not yet satisfac- 
torily explained, take place slowly but regularly, causing a 
general displacement of the lines of equal variation and dip ; 
secondly, those which, depending upon the position of the 
sun, run through their period of change in a year or day, 
producing different values in the magnetic elements, according 
to the season or to the hour of the day ; and thirdly, the small 
disturbances which appear to be constantly taking place, and 
which require for their measurement continued observation 
with the most accurate instruments. 

The striking fact was proved in 1818, by the observations 
of Arago, at Paris, and of M. Kupffer, at Kasan, that the 
large changes wdiich take place in the position* of the horizon- 
tal needle during the day, are .simultaneous at these places, 
so distant from each other ; and a confirmation of the fact as 
applying to even more distant stations^ resulted from the 
system of observations established by Humboldt and others 
in 1830, and extended, through the influence of the Imperial 
Academy of Sciences of St. Petersburg, to the most remote 
parts of the Russian empire, and even to Pekin. In 1834, 
the celebrated German philosopher Gauss, invented an in- 
strument for measuring the variation of the needle and its 
changes, which introduced into these determinations an ac- 
curacy similar to that attainable in astronomical measurements. 
This instrument was soon furnished to different observatories, 
and a concerted system of observations of the minute changes 
of variation was introduced, which is now going on at no less 
than twenty-three places in, Europe, the smaller and larger 
states having vied with each other jn providing the means of 
executing them. The stations include Altona, Augsburg, 
Berlin, Bonn, Brunswick, Breda, Breslau, Cfessel, Copen- 
hagen, Cracow^, Publin, Freyberg, Gottingen, Greenwich, 
Halle, Kasan, Leipsic, Marburg, Milan, Munich, Napfes, 
St. Petersburg, and Upsala. 

The results already obtained and published by the German 
Magnetic Association, have proved satisfactorily that the 
minute changes in the direction of the needle, as well as the 
larger ones, are simultaneous at the different stations, varying 
however in amount, and the variation appearing to decrease 
in passing southwatd ; but the influence of the portion of the 
place, whether depending upon geographical or magnetic 
position, not having yet been fully determined, and being 
probably determinable only by observations at places even 
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more distant from each other than those now embrficed in the 
German series. 

The invention of an instrument by Gauss, for determining 
the changes in horizontal magnetic intensity with the same 
accuracy as those of the direction of the needle, will give rise 
to interesting developments in regard to them ; and the 
changes of the three elements of horizontal direction, and 
horizontal and vertical intensity are all included by the two 
instruments before referred to, and a third invented by Pro- 
fessor Lloyd, of Dublin. It is the object of the series now 
projected, to embrace these three elements ; to extend the 
number of stations with special reference to their distribution 
at points of the earth interesting in their magnetic, relations ; 
to keep up a constant scries of simultaneous observations for 
three years ; and thus to effect, on an extended scale, what 
the German Magnetic Association has so well begun. The 
execution of this plan, with observations of an appropriate 
kind, directed also to magnetic research, by a naval expedi- 
tion, was recomnjended to the British Government by the 
membeiPs of the British Association, including men of science 
from different countries, in 1838. It subsequently received 
the sanction of the Royal Society of London, was adopted by 
the Government, and is now in course of execution. It may 
be considered, therefore, to have been approved by the highest 
scientific authorities. In pursuance of this plan, stationary 
observatories are to be established, and regular observations 
made, for the next three years, at Toronto in Upper tJanada, 
at St. Helena, at the Cape of Good Hope, and at a station in 
Van Dieman’s Land. The East India Company have also 
undertaken to furnish the means of observation at nine points 
in their dominions. European 4jrovernmcnts, who have not 
hitherto joined in the German system, with which this will be 
in connexion, have also promised similar aid. It is this ex- 
tended schemb, to which our attention has been specially 
invited by circular from the Royal Society^f London, and in 
which the American Philosophical Society desires that our 
country should co-operate. It is on a broad scale, worthy of 
all encouragement, and the magnitude of the scheme, the 
objects for which it is undertj.ken, and the possibility of its 
execution, all mark the character of the period in which we 
live. 

The Society would propose, in furtherance of this plan, 
that five magnetid^observatories should bS established in the 
N. E., N. W., S. E., S. W., and at some central point of the 
United States, furnished with the instruments and observers 
necessary, fully to carry out the proper plan of coml^ined 
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magnetic and meteorological observations. Should the pro- 
position to make this co-operation truly national, be acceded 
to, thfe details in relation to it can easily be arranged, and the 
Society will, the undersigned confidently believe, feel proud, 
to lend any aid in their power, in planning or executing them. 
It may perhaps be more satisfactory however, to state briefly, 
beforehand, me nature of the observations to be made, and 
the means required for their execution. 

The magnetic observations to be undertaken at the fixed 
observatories are, first, of the variation (declination), absolute 
horizontal intensity and dip ; second, of tlic changes of the 
variation of the horizontal intensity, and of the vertical inten- 
sity. The regular observations for changes in these elements, 
arc to be made every two hours every day, (with the exception 
of Sundays,) for the next three years, beginning as soon as 
the several observatories can be arranged. To these are to 
be added more frequent observations on one day of each 
month, including the four terms during the year, fixed 
by the German Magnetic Association. At each station, a 
building of stone or wood will bci’cquired, in theVonstruction 
of which no iron must be employed. The instruments 
adopted by tlic British observers are the following : A mag- 
netometer for the declination, one for the horizontal force, 
one fot the vertical force, a dipping ncedte, azimuthal transit, 
two reading telescopes; and two chronometers. The estimated 
cost of each set of these, is about fourteen hundred dollars. 
The cost of the observatory must vary with the place at which 
it is erected, and the material chosen for it, but may be esti- 
mated at from one thousand to fifteen hundred dollars. One 
principal and three assistaiits will suffice for making and 
reducing the observations at each station, and fo!* carrying on 
a supplementary series of raetcorotegical observations, ihe 
meteorological observations proposed, are on the pressure, 
temperature, and moisture of the air ; on the*^direction and 
force of the wind ; "'on the quantity of rain; on the temperatiire 
of the ground at different depths ; on solar and terrestrial 
radiation ; besides a few miscellaneous and occasional obser- 
vations, not necessary to be here stated, llegular observations 
are to be made on these poiats, four times every day, and 
every hour on one day in each month. The instruments 
required at each station, are a barometer, a standard thermo- 
meter, a maximum and miniinum thermom^er, a hygrometer, 
an anemometer, several extra thermomete* an actinometer, 
and an apparatus for atmospheric electricity. The probable 
cost of each set of these would not exceed two hundred and 
fifty /lollars. The value of the results would be much increased, 
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by providing a self-registering anemometer and rain-gauge, 
instead, of the cominon ones, which would increase the cost 
of each set of instruments to .five hundred and seventy dollars. 
The whole cost of erecting the five observatories, and providing 
them with excellent instruments, will probably not exceed 
sixteen thousand dollars ; and if the observatory already 
existing at Philadelphia, and provided with the necessary 
instruments, should be adopted as one of the five, and four 
others be erected and furnished, the expense to the United 
States would not exceed twelve thousand dollars. 

No estimate is made of the cost of the principal and as- 
sistants for the proposed observatories. In the organization 
of the new British stationary observatories, these persons are 
taken, in part, if not altogether, from the officers, non-com- 
missioned officers, and privates of the artillery. I'he acquire- 
ments of the graduates of our Military Academy, admirably 
fit them for directing the observatories, which might be appro- 
priately placed at military posts; so as to provide the officers and 
men necessary for making the observations, without additional 
expense. Tbe direction thus given to the views of the com- 
mittee; the fact that you have long been enrolled as a 
member of the American Philosophical Society; and the 
interest which you have always manifested, both as an indi- 
vidual and in a public capacity, in all enterprises calculated to 
shed a lustre upon your country, have induced the Society to 
direct us to address ourselves particularly to you on this 
subject. • 

With the hope that your views may coincide with those of 
the Society, in regard to the plan now presented for your 
consideration, w e arc, very respectfully, yours, 

A. D..BAcnE, \ 

Jl. M. Patterson, 

Joseph Henry, rCommitiee. 

J. K. Kane, 

Jos. G. Tottenj ^ 

On the Congelation of Water by the Evaporation of Ether, 
By Dr. Hare. 

For effecting the congelation of water by the evaporation 
of ether, it had been usual to expose a bulb, containing water 
and moistened byjfce ether, to a current of air. •Recently Dr. 
Hare had succeAd far more satisfactorily by exposing a 
quantity of water, twenty times as large as that usually em- 
ployed, covered by ether in a capsule to a blast of air, pro- 
ceeding from a vessel in which it had been condensed ]by a 
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pressure equal to one or two atmospheres. By these means, 
the freezing of the water might be seen by five hundred 
spectators. 

Having mentioned that the pure hyponitrous ether recently 
obtained, caused a cold of 15" by its evaporation, it would of 
course he inferred, as he had found to be the fact, that this 
last mentioned ether might be advantageously employed. 

When hydric ether is employed, it should not exceed 730 
in specific gravity. % 

Ur. Haie further said, that it would probably be remem- 
bered, that about two years since, he had published an 
account of a new process for freezing water by the evapora- 
tion of ether, caused by a diminution of atmospheric pressure. 
In the process then described, concentrated sulphuric acid 
was interposed between the retort holding the vvater and ether, 
and the air pump. Since that time he had rendered the pro- 
cess more rapid and interesting by interposing an iron mercury 
bottle, with two cocks between the receiver holding the acid 
and the pump. The ether and water wer^ introduced into the 
retort. The beak of the retort, properly bent^ entered the 
receiver, through the tubulure to which it was luted. The 
beak was of such a length and curvature, as to cause its ori- 
fice to be below the surface of the acid. The neck of the 
receiver communicated with the cavity of the bottle, that of 
the bottle with the pump. The apparatus being thus arranged, 
the bottle was exhausted, and the cock, communicating with 
the punlp, closed. Under these circumstances, on opening 
a communication between the bottle and receiver, the pressure 
in that vessel and in the retort was so much reduced as to 
cause the instantaneous ebullition of the ether, so that little, 
if any subsequent aid, was required from the pump. But the 
result which gave increased interest to the process, ^was the 
inconceivable rapidity with which the acid, under tfiese cir- 
cumstances, absorbed the ethereal vapor, which it appeared 
to do with greatertavidity as the process advanced. 

In fact, the water, in the act of congealing, flew all over 
the inner surface of the retort, in consequence of an explosive 
evolution of ethereal vapor, generated amid the aqueous 
particles. The congelation of the water was rendered evident 
to the ears as well to the eyes of his class of more than three 
hundred students. 

, Dr. Hare 'said, it did not appear to hm that sufficient 
attention ba^ been paid by artists or memR science, to the 
great (hfference which existed between the effect upon glass 
of heating it b^adiation and by conduction. When exposed 
to radiant heaf^one, unaccompanied by flame, ora currrat 
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of hot air, glass is readily penetrated by it, arid, is heated, 
within and without, with commensurate rapidity ; but in the 
case of its exposure to an incandescent vapour or gaS, the 
caloric could only penetrate by the process of conduction ; 
and, consequently, from the inferior conducting power*of glass, 
the temperature of the outer and inner portions of the mass 
would be so different, as by the consequent inequality of ex- 
pansion to cause the fracture, which was well known, under 
such circumstances, to ensue. 

The combustion of anthracite coal, in an open grate, in his 
laboratory, having four flues of about 4.12 by 2.12 inches 
each, in area, just above the level of the grate (the upper 
stratum of the fire, having nothing between it and the ceiling,) 
had allowed him to perform some operations with success, 
which formerly, he would have considered impracticable. The 
fire having attained to that state of incandescence to which 
it easily arrives when well nmnaged, he had, on opening a 
hole by means of an iron rod, so as to have a perpendicular 
perforation extending to the bottom of the fire, repeatedly 
fused the beiks of retorts 6f any capacity, not being more 
than three gallons, causing them to draw out, by the force of 
gravity, into a tapering tube ; so that, on lifting the beak 
from the fire, and holding the body of the retort upright, the 
fused portion w^oulcf hang down so as to form an angle with 
the rest of the beak, or to have any desired obliquity. By 
these means, in a series of retorts, the beak of the first might 
be made to descend through the tubulure of a second ; the 
beak of the second through that of a third, and so on ; the beak 
of the last retort in the row being made, when requisite, to enter 
a tube passing through ice and water in an inverted bell-glass. 

By means of the anthracite fire, as above described, thick 
rods, well as stout tabes, might, as he had found, be 
softened and extended, or bent into suitable forms. 

The lower end of a green glass phial, such as is used 
usually for Cologne water, might be mad^ to draw out into a 
trumpet-shaped extremity. A Florence flask might be heated, 
and made flat, so as to answer better for some purposes. 
The drawing out of tubes into a tapering form, suitable for 
introducing liquids through i^etort tubulures, was thus easily 
effected ; and m all cases the sealing of large tubes was better 
commenced in thi^ way, although the blowj^ipe might be 
necessary to closj[ a capillary opening which could not be 
closed by the fire. 

Dr. Hare further communicated a method of preparing 
pure chlorohydric acid, from the impure muriatic acid of com- 
merce, by the action of sulphuric acid. » 

VoL. V. — No.#26, August^ 1840. U 
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It is known, said Dr. Hare, that concentrated sulphuric 
acid, when added to liquid chlorohydric acid, expels more or 
less of it as a gas, in consequence of its superior affinity for 
water. At the present low price of the ordinary acid of com- 
merce, Dr. Hare had found it advantageous to procure the 
latter in purity, by subjecting it to the former. 

A tubulated glass retort, having been half filled with chlo- 
rohydric acid, sulphuric acid was allowed to drop from a glass 
funnel, with a cock, into a tube descending into the acid in 
the retort through the tubulure, to which it was luted by strips 
of gum-elastic. The tube terminated in a very small bore. 
The beak of the retort, bent in the fire, as he had just 
described, descended through the tubulure into the body of a 
smjill retort containing water not refrigerated. The beak of 
the latter descended into a larger one, half full of w ater, to 
w hich ice w^as .applied. Of course the beak of the third might, 
in like manner, enter the body of a fourth. After an equi- 
valent weight of sulphuric acid had been introduced, and the 
evolution of gas was no longer sufficiently active, heat might 
be applied until nearly all the chlorohydric acid should come 
over. 

The residual diluted sulphuric acid was, with the addition 
of nitrate of soda or potassa, or nitric acid, as serviceable 
for galvanic purposes, as if it had not been thus used. 

Dr. Hare further communicated a method of preparing 
hydrochloric acid and chlorine in the self-regulating reservoir 
invented by him, and spoke of some of the applications of 
the gases thus prepared. ♦ 

Dr. Hare was under the impression that few chemists were 
aware of the great advantage of the self-regulating reservoirs 
of pas, to which he had resorted. He was enabled, by mc{}.ns 
of them, to keep hydrogen, carbonic acid, nitric oxide, chlo- 
rine, chlorohydric acid, sulphydric acid, and *arscniuretted 
hydrogen, so as to use any of these gases at pleasure. He 
had kept these reservoirs in operation for months, withe at 
taking the constituent vessels apart. 

By means of the reservoir of chlorohydric acid he had been 
encouraged to make an effort which proved successful ; to 
form artificial camphor by the impregnation of oil of turpentine 
with that gas. 

Subjecting (in ingot of tin to a current of chlorine from his 
reservoir, it was rapidly converted into the bichloride, or fuming 
liquor of Libavius. To his surprise the ingot was fused by 
the heat generated, la die last mentioned reservoir, the mar 
terials were manganese, in lumps, and concentrated chloro- 
hydrtc acid, diluted sulphuric acid bein^ also introduced ; as 
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tlie ro*action of this last mentioned acid with th4 manganese 
was more active than that of the chlorohydric acid. I,n fact, 
sulphuric acid, diluted with its weight of water and common 
salt, might be used without chlorohydric add. In Ihe reser- 
voir for dilorohydric acid, the materials were sal ammoniac 
and sulphuric acid, to which some water was added, but not 
so much as to prevent the chlorohydric acid from assuming 
the gaseous state. 

He had found it preferable to keep the sulpbyclric acid 
reservoir ill a flue, the gas being drawn, when wanted, through 
a globe of water, by means of a leaden tube, at a convenient 
place. It would be desirable that the reservoirs of chlorine 
and chlorohydric add should be similarly situated. 

XXII.— MISCELLANEOUS ARTiCLES. 

Jfrerk of the “ Royal George,^'* 

Tbe^ greiii explosion aitMonnccd on the Khli instant took 
place on the 2-iiid, being the same day, and very little later 
than the hour stah^d. * Th(i ellect was beautiful, and the in- 
tention of firing it having been generally known, it was wit- 
nessed by a vast niuiiber of spectators, not\>ith standing that it 
blew a stiff breeze, wliich detciTcd many fi*om going out to 
Spitlicad. The morning was very fine, but doul)ts were enter- 
tained whether the high wind might not prevent the t)peration, 
until eight o’clock, when llic red Hag was hoisted from all the 
Royal 8('orgc flotilla — ^naimdy, the Success frigate hulk, and 
the two lumps usually moored over the wrfck, one of wliich, 
No. 4, was removed about 60 yajds to tlie westward, wliilst the 
other remained over the intended for the exjdosion. As 
soon these flags were seen, it was know that tlie operation 
would be attempted, at tlic aftenioon slack. In the mean 
time, Lieut Synionds, the executive engineer, according to 
a^lan preconcerted between him and Colonel Pasley, sent 
down Mr. George Hall, tlie diver, wlio placed first a cliarge of 
471b., and afterwards another of 2601b. of powder, on the sjiot 
originally occupied by the main hatchway on the orlop deck, 
which were fired successively by Professor Daniell’s voltait^ 
battery, as soon as he came up, the second charge being placed 
in the hole made by the first The object ot' these charges, 
which were fired at the morning slack, was to make a dc 
crater or hole for the great charge proposed t o be fired at the 
afternoon slack. Colonel Pasley came out about one o’clock, 
and at half-past one the great cylinder, loaded with 25^ 
barrels, or nearly 2,3001b. of gunpowder, with tlie ^^oltaift con- 



156 


Miscellaneous Articles. 


ducting apparatus attached to it, was raised out of a launch 
along^de by the derrick of No. 5, lump, and lowered into the 
water so as to rest a little above the sui’face, where it remained 
suspended by the bull-rope of the derrick. Hall was then 
sent down, and made fast a down haul rope with a single 
sheave block to a solid piece of timber, which he found at the 
bottom of the crater j^roduced by the morning’s explosion. 
He came up, and handed over die end of this rope, which was 
attached to the cylinder, to which a couple of pigs of ballast 
were added, to make it sink more easily ; after which it was 
lowered from No. 5 lump, and accompanied in its descent by 
Hall, who had a line attached to it in his hand, and who made 
signjils to the men above, eidier to lower or occasionally to 
raise, or to move the cylinder to the eastw'ard or westward, as 
required, until he ’ guided it into its proper place, w^hcre he 
lashed it to the timber before-mentioned. At about a quarter 
past two o’clock he came up, and reported that it w^as properly 
placed. Whilst being lowered, the voltai^*, conducting appa- 
ratus attached to the cylinder was veered out, and the other 
end of it was taken on board No. 4 lump, and placed near the 
voltaic battery, where Lieutenant Symonds now stationed him- 
self. No. 5 lump was then removed to the distance of 70 or 
80 yards to the southward of the spot r where the cylinder 
had been let down. All being now ready. Colonel Pasley, 
who remained in that lump, ordered his bugler first to sound 
the “preparative,” and in about a minute afterwards “the 
fire At that moment Lieut. Symonds completed the circuit 
with the voltaic batteiy^, and an immediate cxplosten took 
place, the shock being felt and the report heard at the same 
instant. In a lew seconds afterwards the surface rose three or 
four feet in a circle of moderate size, from the center of which 
almost immediately afterw^ards, a splendid column of water at 
least 50 feet high, and of a conical form, wfts tlirown up, 
beautifully sparkling in the sun, which was hailed by the 
hearty cheers of all the workmen employed, as well as the iHi- 
merous spectators, and soon alter several large fragments of the 
wreck came floating up to the surface, which proved to be the 
lower part of the main-mast. The form of the column of 
water w^as not so regular as on former occasions, owing to the 
strong wind w hich acted upon it. When it fell down again, 
clear circular ^ aves spread outwards from the same centre, 
making a great conrtnotion at the surface, and causing No. 4 
lump, which was nearest to the explosion, to pitch a good deal. 
Soon after this the mud from the bottom came up, blackening 
the some drcle of water, which spread outwards, discoloring 
the surface as it extended, and at the same •time stilling the 
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swell of the sea for a space of perhaps 200 yards In diameter. 
A great number of small fish came up dead, as on former 
occasions, which were picked up by the boatmen. More than 
50 yachts or large sailing boats came out, whose debks were 
covered with spectators, among whom were a great number of 
ladies. The two admirals and the general commanding the gar- 
rison, with a great number of naval and military officers, and 
most of the officers of the dockyard,# with their families, were 
present, many of whom went on board the two lumps to have a 
better view of the operations. The deck of the Success frigate 
was also crowded with spectators. The Bishop of Nonvich, 
the Astronomer Royal, and the Russian Consul-General were 
present. 

The cylinder uscul on the 22nd was of wood with iron hoops, 
like a mooring buoy, made by Mr. Harding, the master capstan 
maker, in Chatham dockyard^ and protected by two coats of 
canvass and several coats of a wateq)roof composition discovered 
by Sergeant-Major Jones, which by numerous experiments 
tried to compare it with ather compositions, by order of 
Colonel Pasley, was found to be far superior to any in former 
use, as it combines absolute resistance to the gieatest pressure 
of water with a certain degree of elasticity that docs not allow 
it to crack. This skilful and zcidous officer and a party of 
Royal sappers and miners have been most useful in all the 
operations, and since one of the three excellent professional 
divers engaged was obliged to give up on account of fll-health, 
Corj^oral Harris has supplied his place, and made himself 
much more useful in tliat capacity than could have been ex- 
pected from so short an apprenticeship, for he has only worked 
two weeks in this department. Resides the divers, whose ser- 
\ices are of the most esscjitial importance, the dockyard rig- 
gers under Mr. Clewitt, of Portsmouth, and James Chapman, of 
Chatham yard, have given the greatest satisfaction, as well as 
the naval pensioners, about 40 in nuinber,»most of whom were 
petty officers, and who, though all middle-aged or elderly men, 
have been extremely zealous and efficient. The Lively sailing 
lighter, comimmded by Mr. Harfield, goes backwards and for- 
wards continually, and the seamen belonging to her arc kept 
in constant emidoyment in diking on board or landing the 
timbers and guns recovered from the wreck, of the former of 
which an immense pile has been deposited in PoAsmouth dock- 
yard. The whole is superintended by lieut. Symonds with 
great skill and indefatigable activity, who carries on the work 
at every slack tide, except when it blows a gale approaching 
to a hurricane, that is, always twice, and sometimes three times, 
a day, accordin^*to the moon's age, and never goes on khore 
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but on Sundays. Col. Paslcy usually goes out to Spithead 
once •a day, except when his duty requires him at Chatham, 
where he passes about half his time. The massy oak timbers 
upon which the foremast and mizeiimast were stepped, the 
after-part of the keel, the whole stcnipost and dead wood over 
it, and an immense mass of the starboard bow, which rested on 
the keel, weighing more than 80 tons, and which was knocked 
down about eight month*; ago by the last great explosion of 
IftBO, having been got up this season, together with the heel 
of the mainmast having been disengaged I’rom its step by the 
great explosion which w(i have just dc'seribed — these circum- 
vStiiiices shew that the demolition and removal of WTeck have 
extended nearly to the bottom of the vessel, and also ])rovc 
that the mud has no tendency to accumnlatc?, but is cleared 
away by the action of the tides, in proportion as the upper 
parts of the \Vreck are demoli.sJ.ied and removed. The efl'ect 
of the last ex})losi()n could not be asceilained, as the tide ran 
too strong for Hall, the diver, who wen t^ down again after it, 
to quit his ladder, but it is presumed that it will have blow'n 
out the larboard side of the wreck, and that it will have broken 
up timbers in all dir(;cti()iis, probably fracturing not only the stej) 
of the mainmast, but the kelson and keel below it. I'lie star- 
board side opposite was shatUu'ed and thrcwvn dowm by the first 
great explosion of 1880. Upon the >vhole, thougli * opinions 
were very much divided at first, and ptniiaps generally unfa- 
vorable, Jiere seems every reason to ho])e, that before the end 
of the season the whole of the wreck ol the Iloyal George wall 
have been sufficiently removed to enable vessels to anehor over 
the spot withoui incurring the risk of losing their anchors and 
cables. If so, probably the jGoveniment maybe induced to 
remove the wreck of the Edgar also, from which laeiit. Syino^ds 
recovered five iron guns during Col. Pasley’s last official visit 
to Chatham, the surface of which, after an imiuersion of 129 
years, proved to b^ converted into very soft carburet of iron 
or plumbago to a considerable depth, on removing the mas& of 
oysters, fco., with which they were incrusted. These guns are 
remarkable for being much thicker at the breech and thinner 
at the muzzle ihau guns of the same calibre of more modern 
construction, i'rom which the ii’on guns recovered from the 
Iloyal George differ very little. 

The Atmospheric Railway Carriages* 

It is upwards of a year and a half since we described thd 
experiment made by Mr. Clegg, in the borough, on the mode^ 
of propelling carriages by means of exhausting a pipe, or tube, 
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with which the carriages were connected, and tlieh admitting 
the atmospheric air, and, as it were, forcing the carriages or 
train along, and thus superseding the necessity of gas or any 
other power for the conveyance of a train along a rail-or tram- 
road. These experiments were very successful ; indeed, so 
successful, that few persons had any doubt about the ultimate 
success of the principle of the invention. On Thursday the 
experiments were exhibited on a large scale, on a railroad 
which connects, or is intended to connect, the line of the Bir- 
mingham, the Bristol, and the Thames Junction Lines, com- 
mencing within a short distance of Shepherd’s Bush, and 
running in a w esterly direction for about three quarters of a 
mile. The carriage put in motion, wdth the persons on it, 
did not weigh much less than 12 tons; but it travelled with 
great ease at the rate of 25 miles an hour. The exhaustion 
pipe, or tube, laid down, which was not the propelling agent, 
but the means of development, was about 9 inches indiameter. 
The engine by wdiich it was exhausted — namely, a pump, 
worked by s^eam— rendered^^it fit for the operations required 
in about two minntes and a half ; and from the index, that is 
quicksilver, employed *at the termini^ it was ascertained that 
the operation was performed simultaneously at both ends of 
the line. There Wc^s no noise, no smoke, and, what is better, 
no danger of explosion, or of a power which could not be 
governed. In short, the experiment was as successful as its 
most warm well-wishers could expect, and shewed •that the 
agency of steam is not a sine qua ?ion on a railroad. Without 
going into the minute history of railroads, it may be as w^ell 
to say, that this power may be applied to any railroad at a 
saving of about 70 per cent. ; and that it is of sufiicient force 
to preclude the necessity of tunnelling. It is applicable to 
almost any gradients. Tfie experiments w ere attefided by a 
great number# of the nobility, and by many., .scientific men. 
The Archbishop of Canterbury, Lords Charleville, Rodstock, 
to ani Prudhoe, the Marquis of J)ouro, Lord Howick, and Lord 
Stuart de Rothsay, &c. were on the ground, and expressed 
their satisfaction at the result of the experiments. — Times. 


» 

Frog found in CoaL 

On Wednesday morning, as two colliers, Ge6rge Ross and 
James Gardner, were in one of the rooms of the Old Muir- 
field Pit, at Gargieston, they found a living frog embodied in 
Ihe solid seam of coal, at least twelve fathoms beneath the 
surface of the earth. The nich in which it had lived was 
perfectly smooth inside, of tho exact shape of the frog', and 
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without a crack or crevice to give admittance to air. llie 
hind legs of the animal are at least a third longer than usual, 
the foi-e le^s shorter, the toes longer and harder, and its gene- 
ral coloiyr IS of a bronze hue. It leaped briskly about, the 
moment that it was excavated from its narrow cell. How 
many centuries it has been shut out from light and air, and 
entombed in its dreary dormitory, it is impossible to say — cer- 
tain it is, that, although diminutive in form, and with great 
brilliancy of eye, it has a most antediluvian aspect. — Scotch 
paper. 


On the separation of Lime from Magnesia, and on the Assay 
of Gold, By Lewis Thompson, Esq. M. R. C. S. 

To separate Lime from Magnesia. 

Dissolve the combined earths in dilute nitric or muriatic 
acid, and precipitate the filtered solution by means of an excess 
of carbonate of soda ; dry the precipitate, and place it in a 
coated green glass tube, so disposed that the whole can be 
heated to a dull red heat ; when red hot pass a current of 
well-washed chlorine through tlie tube for a few minutes : the 
lime will be edbverted into chloride of calcium, but the mag- 
nesia remains unacted upon. When the whole is cool, remove 
the mass from the tube and boil it for a minute or two in 
water, filter the liquid and wash the insoluble portion (which 
is magnekia) with water, and precipitate the lime from the 
mixaif liquors by carbonate of soda. The heat should not 
excedd a dull fed, as the mass is apt to become vitrified at 
the part which touches the tube, and this renders it difficult 
to remove the contents. 

* To Assay Oold. 

Take six grains of the gold to be assayed knd place in a 
small crucible, with fifteen grains of silver, and from eighlj to 
twelve grains of chloride of silver, according to the supposed”' 
impurity of the gold; lastly add fifty grdns of common salt 
/chloride of sodium) reduced to fine powder so as to prevent 
decrepitation ; fuse the whole together for five minutes, and 
allow it to become cold ; then take out the metallic button 
and heat it into a diin plate, and subject it to the action of 
dilute'nitric acid as in the ordinary mode of parting. By this 
plan tue tedious process of cupellation is avoided, the baser 
metals h^i^g wholly removed by the chlorine of silver, and 
their place supplied by pure silver. 
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IF 3ft Correction, or carrying diseJuirge (continued), IT xi. Relation 
of a vacuum to electrical phenomena, §. 19. Nature qf the elec* 
trical currenl. ; 

« '4 •' ' " . 

(Continued from page 284iJ, 

1610. The latter experiments Cl609>) may therefore be consi- 
dered as failing to give the hoped-for proof, but I have much con- 
fidence in the former (1605. b608.), and in the considerations 
(l603.) connected with them. If I have rightly viewed them, 
and we may be allowed to relate the currents at points and surfaces 
• in such extremely different bodies as air and the metals, and admit 
that they are effects of the same kind, differing only in degree and 
in proportion lb the insulating or conducting power of the dielec- 
trie used, what great additional argument we obtain in favour of 
that theo^, which in the phenomena of insulation and conduction 
also, as in these, Ht^ould link the same appai'^ently dissimilar sub- 
VoL V. — No. S9, November, 1840. 2S 
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stances together (1336. 1561.); and how completely .the general 
view, which refers all the phenomena to the direct action of the 
molectiles of matter, seems to embrace the various isolated pheno- 
mena as they successively come under consideration ! 

1611. The connection of this convective or carrying effect, whicli 
depends upon a certain degree of insulation, with conduction ; i. e. 
the occurrence of both in so many of the substances referred to, 
as, for instance, the metals, water, air, &c., would lead to many 
very curious theoretical generalizations, which 1 must not indulge 
in here. One point, liowever, I shall venture to refer to. Con- 
duction appears to be essentially an action of contiguous particles, 
and the considerations just stated, together witli others formerly 
expressed (1326*. 1336, &c.), lead to the conclusion, that all bodies 
conduct, and by the same process, air as well as metals ,* the only 
difference being in the necessary degree of force or tension between 
the particles which must exist before the act of conduction or 
transfer from one particle to another can take place. 

1612. The question then arises, what is tliis limiting condition 
which separates, as it were, conduction and, inplation from each 
other ? Does it consist in a difference between tlie two contiguous 
particles, or the contiguous poles ox^ these particles in tlie nature 
and amount of positive and negative force, no communication or 
discharge occurring unless that difference rises up to a certain 
degree, variable for different bodies, but always the same for the 
same body ? Or is it true that, however small the difference be- 
tween two such particles, if lime be allowed, equalization of force 
will take t place, even with the particles of such bodies as air, sul- 
phur or lac ? In the first case, insulating power in any particular 
body would be proportionate to tbe degree of tlie assumed necessary 
differ ence of force, ; in the second, to the time required to equalize 
equal degrees of difference in different bodies. With regard to 
airs, one is almost led to expect a permanent difference of force, 
but in all other bodies, time seems to be quite sufficient to ens^ire, 
ultimately, complete conduction. The difference in the modes by 
which insulation may he sustained, or conduction <Wected, is not a 
mere fanciful point, hut one of great importance, as being essentially 
connected with the niolccular theory of induction, and the 

in wfiich the particles of bodies assume and retain their polarizeil 
stale. 


% xi. Rclatim of a vacuum to electiical phenofinena. 

1613. It Would seem strange if a theory which refers all the 
phenomena of insulation and conduction, i. e. all electrical pheno- 
mena, to the action of contiguous particles, were to omit to notice 
the assumed possible case of a vacuum. Admitting that a vacuum 
edn be produced, it would be a very curious matter indeed to 
knov' what its relation to electrical phenomena would be ; and as 
shell-lac and metal are directly opjwsed to eafli^ other, whether a 
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vacuum would be opposed to them both, and aliow neither of in- 
duction or conduction across it. Mr. Morgan* has said that a 
vacuum does not conduct. Sir H. Davy concluded from his in- 
vestigations^ that as perfect a vacuum as could be madet did 
conduct, but does not consider the prepared spaces which he used 
as absolute vacua. In such experiments 1 think I have observed 
the luminous discharge to be principally on the inner surface of 
the glass ; and it docs not appear at all unlikely, that, if the 
vacuum refused to conduct, still the surface of glass next it might 
carry on that action. 

1614. At one time, when I thought inductive force was exerted 
in right lines, 1 hoped to illustrate this important question by mak- 
ing experiments on induction with metallic mirrors (used only as 
conducting vessels^ exposed towards a very clear sky at night time, 
and of such concavity that nothing but the firmanent could be visible 
from the lowest part of the concave n, fig. 29, plate iii. Such mirrors, 
when electrified, as by connection with a Leyden jar, and examined 
by a carrier ball, readily gave electricity at the lowest part of their 
concavity if in a room ; but I was in hopes of finding that, circum- 
stanced as before s{atQd, they would give little or none at the same 
spot, if tlie atmosphere above reully terminated in a vacuum. I vras 
disappointed in the conclusion, for I obtained as much electricity 
there as before ; but on diSfcovering the action of induction in curved 
lines (1231.), found a full ami satisfactory ex^danation of the result. 

1615. My theory, far as I have ventured it, does not pretend to 
decide upon the consequences of a vacuum. It is not at present 
limited sufficiently, or rendered precise enough, either by experi- 
ments relating to spaces void of matter, or those of other^kinds, to 
indicate what would happen in the vacuum case. I have only as 
yet endeavoured to establish, what all the facts seem to prove, that 
when electrical phenomena, as those of induction, conduction, in- 
sulation and discharge occur, they depend on, and are produced by 
the action of contiguous particles ofanatter, the next existing particle 
being considered as the contiguous one ; and I have further assumed, 
that these particles are polarized ; that each exhibits the two forces, 
or the for«e in'^wo directions (1295* 1298 .) ; and that they act at 

a distance only l>y acting on the contiguous and intermediate par- 

* 

■ 1616- Blit assuming that a perfect vacuum were to intervene 
in the course of the lines of inductive action ri304.), it does not 
follow from this theory, that the particles on opposite sides of such 
a vacuum could not act on each other. Suppose it possible for a 
positively electrified particle to be in the centre of a vacuum an inch 
in diameter, nothing in my present views forbids ^lat the partich* 
should act at the distance of half an inch on all the particles form- 
ing the inner superfices of the bounding sphere, and with a for(‘e 
consistent with the well-known law of the squares of the distance. 
But suppose the sphere of an inch >vere full of insulating matter, 

• Philosophical 'fransactions, l78o, p. 27-.?. I' Ibifl. j). fl. 
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the electrified particle would not then, according to my notion, act 
directly on the distant particles, but on those in immediate associa- 
tion with it, employing all its power in polarizing them ; producing 
in them negative force equal in amount to its own positive force and 
directed towards the latter, and positive force of equal amount di- 
rected outwards and acting in the same manner upon the layer of 
particles next in succession. So that ultimately, those particles in 
the surface of a sphere of half an inch radius, which were acted on 
directly when that 8|)here was a vacuum, will now be acted on 
indirectly as resjiccts the central particle or source of action, i. e. 
they will be polarized in the same way, and with the same amount 
of force. 


§ 19. Nature of the electric current. 

If]l7. The M'ord current m expressive in common language, 
that Avlien applied in the consideration of electrical phenomena vie 
can hardly divest it sufficiently of its meaning, or prevent our minds 
from being prejudiced by it (283. 511.). 1 shall use it in its coin- 

mt»:i electrical sense, namely, to express generally a certain condi- 
tion and relation of electrical forces 'supposed to be in progression. 

I0‘l8. A current is produced h*oth by excitement and discharge ; 
and whatsoever the variation of the two j^neral causes may be, the 
effect remains the same. Thus excitement may occur in many 
ways, as by friction, chemical action, influence of heat, change of 
condition, induction, &c. j and discharge lias the forms of' conduc- 
tion, electrolyzation, disruptive discharge, and convection ; yet the 
current connected with these actions, when it occurs, appears in all 
cases to l>e the same. This constancy in the character of the current, 
notwithstiinding the particular and great variations which may be 
made in the mode of its occurrence, is exceedingly striking and im- 
jiortant ; and its investigation and development promise to supply 
the most open and advantageous road to a true and intimate un- 
derstanding of the nature of elcctric;il»*forces. J 

16’19. As yet the phenomena of tlie current have presented 
nothing in opposition to the view I have taken (Jff the nature of 
induction as an action of contiguous particles. 1 have endeavoured 
to divest myself of prejudices and to look for contradictions, 

, have not perceived any in conductive, electrolytic, convective, or 
disruptive discharge. 

1620 . Looking at the current as a cause^ it exerts very extraor- 
dinary and diverse powers, not only in its course and on the bodies 
in which it exists, but collaterally, as in inductive or magnetic 
phenomena. 

1621 . Electrolytic action . — One of its direct actions is the exer- 
tion of pure chemical force, this being a result which has now been 
examined to 'a considerable extent. The effect is found to be 
constant and definite for the quantity of electric force discharged 
(783, €^c.) j and beyond that, the mlcnsily required is in relation 
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to the intensity of the affinity or forces to be overcome (904. 906. 
911.). The current and its consequences are here proportionate; 
the one may be employed to represent the other ; no part of the 
effect of either is lost or gained ; so that the case is a strict one, 
and yet it is the very case which most strikingly illustrates the 
doctrine that induction is an action of contiguous particles (1164. 
134S.). 

1622. The process of electrolytic discharge appears to me to be 
in close analogy, and perhaps in its nature identical with another 
process of discharge, which at first seems very different from it, 
I mean convection. In the latter case the particles may travel for 
yards across a chamber ; they may produce strong winds in the 
air, so as to move machinery ; and in fluids, as oil of turpentine, 
may even shake the hand, and carry heavy metallic bodies about 
and yet I do not see that the force, either in kind or action, is at 
all different to that by which a particle of hydrogen leaves one 
particle of oxygen to go to another, or by which a particle of 
oxygen travels in the contrary direction. 

1623. Travelling particles of the air can effect chemical changes 
just as well as the.contact of a fixed platina electrode, or that of a 
combiifing eWetrode, or ions of^a decomposing electrolyte (453.471 ); 
and ii^ the experiment formerly described, where eight places of 
decomposition were reficTered active by one current (4()9.), and 
where charged particles of ’air in motion were the only electrical 
means of connecting; these parts of the current, it seems to me that 
the action of the particles of the electrolyte and of the air were 
essentially the same. A particle of air was rendered positive ; it 
travelled in a certain determinate direction, and coming ^o an elec- 
trolyte, communicated its powers ; an equal amount of positive 
force was accordingly a^uired by another particle (the hydrogen), 
and the latter, so chargeuTtravelled as the forme^id, and in the satne 
direction, until it came to another particle, and ffansferred its power 
and motion, making that other particle active. Now, though the 
particle of air travelled ovei* a visible and occasionally a large space, 
whilst tTie particle of the electrolyte moved over an exceedingly 
small one ; tlTough the air particle migfit be oxygen, nitrogen, or 
hydrogen, receiving its charge from force of high intensity, whilst 

electrolytic particle of hydrogen had a natural aptness to receive 
the positive condition with extreme facility ; though the air particle 
might be charged with very little electricity at a very high intensity 
by one process, whilst the hydrogen particle might be charged with 
much electricity at a very low* intensity by another process; these 
are not differences of kind, as rdates to the final discharging action 
of these particles, but only of degree ; not essential differences which 
make things unlike, but such differences as give to things, similiar 

• If a metallic vessel three or four inches deep, containing oil of turpentine, 
be insulated und electrified, and a rod vrith n ball inch or more in diameter) 
at the end, have the ball immersed in the fluid whilst the end is held in the 
hand, the mechanical force generated when the ball is moved to and ^om the 
sides of the vessel wift soon be evident to the experii neuter. 
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in their natupe^ that great variety which hts them for their office in 
the system of the universe. 

1 624. So when a particle of air, or of dust in it, electrified at a 
negative point, moves on through the influence of the inductive 
forces ( 1 to the next positive surface, and after discharge passes 
away, it seems to me to represent exactly that particle of oxygen 
which, having been rendered negative in the electrolyte, is urged 
by the same disposition of inductive forces, and going to the positive 
platina electrode, is there discharged, and then passes away, as the 
air or dust did before it. 

1625. Heat is another direct effect of the cvrrent upon substances 

in which it occurs, and it becomes a very important question, as to 
the relation of the electric and heating forces, whether the latter is 
always definite in amount* There are many cases, even amongst 
bodies which conduct without change, which stand out at present 
from the assumption that it is ;t but there are also many which 
indicate that, wjien proper limitations arc applied, the heat pro- 
duced is definite. Harris has shown this for a given length of 
current in a metallic wire, using common electricity and De la 
Rive has proved the same point for voltaic electricity by his beau- 
tiful application of Breguet's thermo'ineter.§ i 

1626. When the production of heat is observed in electrolytes 
under decomposition, the results are sti1\ more complicated. But 
important steps have been taken in the investigation of this branch 
of the subject by De la Rive || and others ; /ind it is more than 
probable that, when the right limitations are applied, constant and 
definite results will here also be obtained. 

1 627 . It is a most important part of the character of the current, 
and essentially connected with its very nature, that it is always the 
same. The two forces are everywhere in it. 'J’here is never one 
current of force or one fluid only. Any one part of the current 
may, as respects the presence of the two forces there, be considered 
as precisely the same with any other [itirt ; and the nume’^ous ex- 
periments which imply their possible separation, well as the 
theoretical expressions which, being used daily, assume it, are, I 
think, in contradiction, with facts (511, &c.). It appears to me to 
be as impossible to assume a current of positive or a current 
negative force alone, or of the two at once with any predominance 
of one over the other, as it is to give an absolute charge to matter 

( 1169 . 1177.)* 

1628. The conviction of this truth, if, as I think, it be a truth, 
or on the other liand the disproof /if it, is of the greatest conse- 

♦ See Do la Uivo’i Rof\oarches, llib. Uuivorsellc, 18211, xl. p. 40. 

f Amongst others, Davy, Philosophical Transactions, 1821, p. 438. Pelle 
tier’s important results, Annales de Chimie, 1834, Ivi. p. 371. and Bocqaerel’s 
non-heating current, Bib. Universelle, 1835, lx. 218. ' . 

[■ Philosophical Transactions, 1824, pp, 22.5. 228. 

§ Apnales de Ohimie, 1836, Ixii. 177. 

II Bib. lTnivers«'ll!', 1820. xl. 49j and UUchie,,Phil. Trims. 1832^,’p. 29fi. 
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quence. If> as a first principle, we can establish tlrat the centres 
of the two forces, or elements of force, never can be separated to 
any sensible distance, or at all events not further than tire space 
between two contiguous particles (l6l5.), or if we can establish 
the contrary conclusion, how much more clear is our view of what 
lies before us, and how much less embarrassed the ground over 
which we have to pass in attaining to it, than if we remain halting 
between two opinions ! And if, with that feeling, we rigidly test 
every experiment which bears upon the point, as far as our preju- 
dices will let us (11 hi.), instead of permitting them with a theo- 
retical expression to pass too easily away, are we not much more 
likely to attain the real truth, and from that proceetl with safety to 
what is at present unknown ^ 

1629- I say these things not, 1 hope, to advance a particular view, 
but to draw the strict attention of those who are able to investigate 
and judge of the matter, to w'hat must be a turning point in the 
theory of electricity ; to a separation of two roads, one only of wliich 
can be right : and I hope I m*ay be allowed to go a little further 
into the facts which have driven me to the view 1 have just given. 

16.S0. When a jviiKj in the voltaic circuit is heated, the tempera- 
ture frequently rises first, orluost at one end. If this effect w'ere 
due to any relation of positive or negative as respects the current, 
it would be exceedingly important I therefore examined several 
such cases ; but when, keeping the contacts of the wire and its 
position to neighbouring things unchanged, I altered the direction 
of the current, I found that the effect remained iinaltererl, showing 
that it depended, not upon the direction of the current, but on 
other circumstances. So there is here no evidence of a difference 
between one part of the circuit and another. 

1631. The same poin^ i. c, uniformity in every part, may be 
illustrated by what may be considered as the inexhaustible nature 
of the current when producing particular effects ; for these effects 
depend upon transfer only, and de not consume the power. Thus 
a Curreyt which will lieat on* inch of platina wire will heat a hundred 
inches (86'3. note). If' a current be sustained in a constant state, 
it will decompose the fluid in one voltameter only, or in twenty 
others if they be placed in the circuit, in cych to an amount equal 

*^o*tliat in the single one. 

1632, Again, in cases of disruptive discharge, as in the spark, 
there is frequently a dark part (1422.), which, by Professor Johnson, 
has been called the neutral point*; and this has given rise to the use 
of expressions implying that 'there aie two electricities existing 
separately, which, passing to th^t spot, there combine and neutra- 
lize each othert. But if such expressions are underltood as correctly 
indicating that positive electricity alone is, moving between tlic 
positive ball and that spot, and negative electricity only between 
the negative ball and that spot, then what strange coiuhtions tliese 


• Sniiman’s Journal, 1834, xxt. p. /j7. 

+ Thomson on HeV and Electricity, p. 471. 
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parts must be in ; conditions^ which to my mind are evei^y way un-> 
like that which really occurs ! In such a case, one part of a current 
would Consist of positive electricity only^ and that moving in one 
direction ; another part would consist of negative electricity only, 
and that moving in the other direction ; and a third part would 
consist of an accumulation of the two electricities, not moving in 
either direction, but mixing up together, and being in a relation to 
each other utterly unlike any relation which could be supposed to 
exist in the two former portions of the discharge. This does not 
seem to me to be natural. In a current, whatever form the dis- 
charge may take, or wliatever part of the circuit or current is referred 
to, as much positive force as is there exerted in one direction, so 
much negative force is there exerted in the other. If it were not 
so we should have bodies electrified not merely positive and nega- 
tive, but on occasions in a most extraordinary manner, one being 
charged with five, ten, or twenty times as much of both positive 
and negative electricity in equal quantities as another. At present, 
however, there is no known fact indicating such states. 

16.33. Even in cases of convection, or carrying discharge, the 
statement that the current is everywhere the same must in effect be 
true (1627.): for how, otherwise. Could the results formerly de- 
scribed occur ? When currents of air constituted the morle of 
discharge between the portions of paper moistened with iodide of 
potassium or sulphate of soda (465. 469.), decomposition occurred ; 
and I have since ascertained that, whether a current of positive air 
issued from a spot, or one of negative air passed towards it, the 
effect of the evolution of iodine or of acid was the same, whilst the 
reversed currents produced alkali. So also in the magnetic experi- 
ments (SO7.) whether the discharge was effected by the introduc- 
tion of a wire, or the occurrence of a sparjf., or the passage of con- 
vective currents either one way or the other, (depending on the 
electrified state of the particles) the result was the same, being in 
all cases dependent upon tlie perfect current. 

1634. Hence, the section of a current compared with ot|;ier sec- 
tions of the same current must be a constant quantity^ if the actions 
exerted be of the same kind ; or if of different kinds, then the forms 
under which the effects are produced are equivalent to each other, 
and experimentally convertible at pleasure. It is in sections, tbjre-^ 
fore, we must look for identity of el^trical force, even to the 
sections of sparks and carrying actions, as well as those of wires 
and electrolytes. 

1 635. In illustration of the utility and importance of establish- 
ing that which may be the true jprinciple, I will refer to a few 
cases. The doctrine of unipolarity as formerly stated, and I think 
generally understood,* is evidently inconsistent with my view of a 
current (1627.); and the latter singular phenomena of poles and 

♦ Erman, Annales de Chimie, 1807, Ixi. p. 1 15. Davy's Elements, p. 168. 
Biot, ijucy. Brit. Supp. iv. p. 444. Bocquerel, Traite, i. p. 167. De la Rive, 
Bib. Univ. 1837, vii, 392. ^ 
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sistency of ^ bddy K^ld exiisi^/i 

that c(mld coad^ct ttie one elecUigil^^nd not the 
neir jplianict^ we db»uM have a ^ht;,tq expect in the ^uire^ of’ 
single electricities passing ^thi^^iigh thcsn, and bow greatly ,^agh<; 
they to diSer^ not only from, the common current which is supposed 
to have iioth^^ectricities travelling in opposite directions in equal 
amountatotbe same, timet hut also from each other! Thefaets» 
which are p^ccellentt have^ however^ gradually been more correctly 
estplained by Becquereht Andrews^ and others; and T understand 
that. Professor Ohms§ has perfected the work, in his close examU 
natimi of all the phenomena ; and after showing that similar phe- 
nomena can take place with good conductors, proves that with 
soap^ &c» many of the effects are the mere consequences of the 
bcKties evolved by electrolytic action. 

1630. I conclude, therefore, that the fads upon which the doctrine 
of unipolarity was founded are not adverse to that unity and indi- 
visibility of character which I have stated the current to possess, 
any more than the phenomena of the pile itself, which might well 
bear comparison wjltl^ those of unipolar bodies, are opposed to it. 
Probably the effects which hav(a been called effects of unipdlarity, 
and the peculiar differences of the positive and negative surface 
when discharging into gases, or other dielectrics (HSO^ 

15^15.) which have been already referred to, may have considerable 
relation to each otber.y 

1657< M. de la Rive lUs recently described a peculiar and remark- 
able effect of heat on a current when passing between elec^odes and 
a ^d.H It is, that if platina electrodes dip into acidulated water 
no change is produced in the passing current by making the positive 
electoode hotter or colder ; whereas making the negative electrode 
hotter, increased the deflexion of a galvanometer affected by the 
current, from 12^ to S0« and eveu^4»5®, whilst making it colder* 
dimiplslied the current in the same high proportions. 

, .That one electrode should have this striking relation to 
whilst tbe*other i^emained absolutely without, seem to me as. 
incom^^atible with what I conceived to be the character of a current 

vSiipoiB^ity (l lS35.), and it was therefore with some anxiety 

* Ditdin, AnUiiles de Chimie, 1934, xxv. 278. Becquerel, Ibid, xxxvi. p, 329. 

f Becquerel;’ Aanalee de Chimie, 1831, xlvi. p. 283. 

% Andrews) Phllosaphical Magazine, 1836, ix. 182. 

I Sehw:!eigger!6 JiOiibueh der Ci^emU, 1830. Heft 8. Not understanding 
OerpoE^, l|i is with extreme regret I confetss 1 biivo not access, and cannot do 
jasUde, to many most valuable papSrs in experimental el^tricity published 
in that language. 1 talce this epportnnity also of stating ancolier circumstance 
which ooaasions me great trouble,' and, as 1 find by e^sperience, may moke me 
seemingly regardless of tim iidiours of others it is a gradual loss of memory 
for some years past ; atid now, oBeu tirhen I read a memoir, I remember that .1 
have seen It before, and would have rejoiced if at tlie right time I could havts 
lecollticted and referred to it in the progress of my invn papers. — M. F* 

II See also Hare in SiUimaU's Journal, 1833, xxiv. 246. 

BibliotUeqiie TJjoiWsoUe, 1837, rii. 388. 
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ihiilt 1 jrepealed tbe«^^exim6nt« Th^ dectrodes vtrhidb 1. ^sed were 
siof .jdfitina ; the electrolyte, watei* oontainii^ about ooe sixth of sul- 
add by weigjbt : .the voltaic battery consisted of two pairs of 
amalgaTnated zinc and pladna plates in dilute sulphuric acid> and 
':Ae galvduometerin the circuit was one with two needles, and gave 
when &e airangement was complete a deflexion of 10^ or 

IrSdS* Under these circumstances heating either elecstrode in- 
.creased.the current i heating both produced still more effect ^ When 
both were heated, if either were cooled, the effect on the current 
fell in proportion. The proportion of effect due to heatixig Ihis or 
that electrode varied, but on the whole heating the negative seemed 
to favour the passage of the current somewhat more than beating 
the positive. Whether the application of heat were by a flame ap*- 
plied underneath, or one directed by a blow pipe frcnn above, or by 
a hot iron or coal, the effect was the same* 

1640. Having thus removed the difficulty out of the way of my 
views regarding a current, I did not pursue this curious experiment 
further. It is probable, that the difference between my results and 
those of M. de la Rive may depend upon the relative values of the 
currents used ; for 1 employed only a weak one resulting from two 
pairs of plates two inches long and half an inch wid^^ whilst 
M. de la Rive used four pairs of plates of sixteen square inches in 
surface. 

1641, Electric discharges in the atmosphere in the form of Wls 
of Are have occasionally been described. Such phenomena appear 
to me to be incompatible with all that we know of electricity and 
its modest of discharge. As time is an element in the effect (141 8. 
1486>) it is possible perhaps that an electric discharge might really 
pass as a ball from place to place ; but gs every tiling shows that 
its velocity must be almost infinite, and the time of its duration 
exceedingly small, it is impossible that the eye should perceive it 

*as anything else than a line o^laght. That phenomena of balls of 
Are may appear in the atmosphere, I do not mean to deny ; ^but 
that they have anything to do with the discharge of ordinaiy elec- 
tricity, or are at all related to lightning or atmospheric electricity, 
is mu(^ more than doubtful. 

, ' r. . ' 

l642* All these considerations, nnd^many other6> hdp to ccmflrm 
the conclusion, drawn over and over again,, that ^e current Js an 
h^divisible thing ; an axis of power, in evefy part of which both 
^^ectric forces are present in equal amount*, (517 • . Wkh 

conduction and electrolyzation, and even disch^ge by sparh» 
a; view will Inzrmunize without hurting any of our preconceived 
Mlioils ;' but as re|ates ,to convection, . a^ more startling rssnlt 
jq^ard, ..which must therefore be considered. 

' 1 fUB glaxi ti) refer here the results obtained by Mr. Christie wiUi mug 

nbta*electrk’i ty , Philosfjphieal Transactioito, 1830, .p. 113, JWt©. As, regards the 
ciimnt in a wire, they confirm everything tb^t I am con^ding for. 
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1 ()43. If t#o balls A and B be Petrified in opposite states 
held within eAcb other's infliieiKse^ die moment they move towards 
each other^ a current^ or those eflfects which are understood by ^ 
word current, will be produced. Whether A move towards B, or 
B move in the opposite direction towards A, a current, and in both 
cases having the same dirediony will result. If A and B move 
from each oOier, then a current in the opposite direction, or equi- 
valent effects, will be prodneed. 

1644. Or, as charge exists only by induction (117S. 1299.), and 
a body when electrified is necessarily in relation to other bodies in 
the opposite state; so, if a ball be electrified positively in the 
middle of a room and be then moved in any direction, efiects will 
be produced, as if a current in the same direction (to use the con- 
ventional mode of expression) had existed : or, if the ball be nega- 
tively electrified, and then moved, effects as if a current in a direc- 
tion contrary to that of the motion had been formed, will be 
produced. 

1 645. I am saying of a single^particle or of two what I have be- 
fore said, in effect, of many (1633.). If the former account of 
currents^ be true, Chen that just stated must be a necessary result. 
And, though \he statement mly seem startling at first, it is to be 
considered that, according^o my theory of induction, the charg^ 
conductor or particle is relied to the distant conductor in the op- 
posite state, or that which terminates the extent of the induction, by 
all the intermediate particles (1165. 1295.), these becoming polar- 
ized exactly as the particles of a^solid electrolyte do when interposed 
between the two electrodes. Hence the conclusion regarding the 
unity and indentity of the current in the case of convection, jointly 
with the former cases, is not so strange as it might at first appear. 

% 

1646. There is a very remarkable phenomenon or effect of the 

clectrolitic discharge, first pointed out, I believe, by Mr. Porrett, of 
the accumulation of fluid under decomposing action in the current 
on bne side of an interposed diaphragm.* It is a mechanical result ; 
and as the liqjiid passes from the positive towards the negative 
electrode in all the known cases, it seems to establish a relation to 
the^olar condition of the dielectric in which t1)e current exists (1164. 
15^7). It has not as yet been sufficiently investigated by experi- 
ment ; for De la Rive 8ays,t it requires that the water should be a 
bad conductor, as, for instance, distilled water, the effect not hap- 
pening with strong solutions ; wherCas, Dutrochet saysj; the con- 
trary is die case, and that, th*e effect is not directly due to the 
electric current. ^ 

1:647* Becquerel Traits de rJBlectricite htts brought to- 

gether the considerations which arise for anti* against the opinion, 
that tlie effect generally is an electric effect.§. Though I have no 

• Axmals of Philosophy, 1816, viii. p. 75. 

f Anaales Cbimle, 1835, xxviii'.p. I9(i. • 

j Annalcs Ch||ai’e, 1838, xlix. p, 483. ^ Vol. ir, p. 19?; 198. 
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dmsiire fkct*to present^ 1 cannot refrain frcaen vet^ring an 

opfoicn^ that the efl^ is ansJogous both to comKnation and con- 
ydC^Son (i:6^S.), being a case of carrying due to the relation of the 
diaphtajgm and the fluid in contact with it, through which the elec- 
tric disc&i^^ is jointly ejected ; and further, that the peculiar 
rdation of positive and negative small and large surfaces already 
rderred to (1482. 150S. 1525.), may be the direct eau^ of the fluid 
and the diaphragm travelling in contrary but determinate directions. 
A Very valuable experiment has been made by M. Becquerel with 
particles of clay,* which will probably bear importantly on this 
point. 

1648. As long as the terms airrent and electro-dynamic are used 
to express those rehitions of the electric forces in which progression 
of either fluids or effects are supposed to occur (283.), so long will 
the idea of velocity be associated with them ; and this will, perhaps, 
be more especially the case if the hypothesis of a fluid or fluids be 
adopted. 

l64p. Hence has arisen the desire of estimating this velocity 
either directly or by some effect dependent on itf; and amongst the 
endeavours to do this correctly, be mentioned e^ecially those 
of Dr. Watsont in 1748, and of Professor Wheatstone J in 1834 ; 
the electricity in the early trials being supposed to travel from end 
to end of the arrangement, but in the latter investigations a di s- 
tinction occasionally appearing to be made between the transmission 
of the effect and of the supposed fluid by the motion of whose par- 
ticles tliat effect is produced. 

1650. {Ilectrolytic action has a remarkable bearing upon this 
question of the velocity of the current, especially as connected with 
the theory of an electric fluid or fluids. ^ In it there is an evident 
transfer of power with the transfer of each particle of the anion or 
cathion present, to the next particles of the catliion or anion ; and 
as the amount of power is defin^e, we have in this way a means of 
localizing as it were the force, identifying it by the particle find 
dealing it out in successive portions, which leads, ]( think, to very 
striking results. 

l661. Suppose, for instance, that water is undergoing decompo- 
sition by the powers of a voltaic battery. Each particle of hydro- 
gen as it moves one way, or of oxygen as it moves in the other 
direction, will transfer a certain amount of electrical force associated 
with it in the form of chemical afiinity (822. 852. 91^0 onwards 
Ijbrough a distance, which is equal 'to that through which “the par- 
ticle itself has moved. This transfer will be accompanied % a 
corresponding Tnovement in the electrical fdirces throughout every 
part of the circuit fqrmed (1627. 1634.), and its effects may be 
estimsftec^ as, for instance, by the heating of a wire (853.) at any 
particular section of the current however distant. If the water be 

t. Tr,aile de I’Klcolridto, i- p. 286. f Philosopluc^ Transactions, 1748. 

1 Ibid. J8:H, p. 583. 





By Dr. Faraday. 333 

• 

a cube' of in the side> the electrodes touchings each by a 

•surface of itoif square inch, and being an inch apart, then^ by the 
time that a tenth of it, or 25*25 mtns, is decomposed, the p&rticles 
of o:aygen and hydrogen throughout the mass may be considered 
as having moved relatively to each other in opposite directions, to 
the amount of the tenth of an inch ; i. e. that two particles at first 
in combination will after the motion be the tenth of an inch apart. 
Other motions which occur in the fluid will not at all interfere with 
this result ; for they have no power of accelerating or retarding the 
electric discharge, and possess in fact no relation to it. 

16*52. The quantity of electricity in 25*25 grains of water is, 
according to an estimate of the force which I formerly made 
(86l.), equal to above 24 millions of charges of a large Leyden 
battery ; or it would have kept any length of a platina wire 1-104 
of an inch in diameter red hot for an hour and a half (853.). Tliis 
result, though' given only as an approximation, I have seen no 
reason as yet to alter, and it is confirmed generally by the experi- 
ments and results of M. Pouillet.* According to Mr. Wheatstone's 
experiments the influence or effects of the current would appear at 
a distance of 576 ,*O 0 t) miles in a second.t We have, therefore, in 
this view of the matter, on th? one hand, an enormous quantity of 
power equal to a most destructive thunder storm appearing di- 
stantly at the distance of 57.6,000 miles from its source, and on the 
other, a quiet effect, in producing which the power had taken an 
hour and a half to travel through the tenth of an inch : yet these 
are the equivalents to each other, being eft'ects observed at the sec- 
tions of one and the same current (1634.). 

1 653, It is time that I should call attention to the lateral or trans- 
verse forces of the current The great things which have been 
achieved by Oersted, Arj^o, Ampere, Davy, De la Rive, and others, 
and the high degree of simplification which has been introduced 
into their arrangement by the theory of Ampere, have not only 
done their full service in advancing most rapidly this branch of 
knowledge, but have secured to it such attention that their is no 

S sessity for urging on its pursuit. I refer of course to magnetic 
ion and its relations ; but though this is the only recognised 
sral action of* the current, there is great i^ason for believing that 
i*ers exist and would by their discovery reward a close search 
¥or them (951.). • 

1654. The magnetic or transverse action of the current seems 
to be^in a most extraordinary ^degree independent of those varia- 
tions or modes of action which it presents directly in its course ; 
it consequently is of the more wlue to us, as it gives us a higher 
relation of the power than any that might have Varied with each 
mode of discharge. This discharge, whether it be by conduction 
through a wire with infinite velocity (1652), or by electrolyzation 
with\5ts corresponding and exceeding slow motion (1651.), or by 

♦ BecqueroljTraite <le rEloctricitc, v. p. 27S. 
rhilosopbical Transaction Si 1831. p. 58!), 
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sparki and probably even by convection, produces a transverse 
magnetic action always the same in kind and direction: 

1653. It has been shown by several experimenters^ that whilst 
the discharge is of the same kiwi the amount of lateral or magnetic 
force is v#ry constant (366. 367- 368. 376*). But when we wish 
to compare discharge of different kinds, for the important purpose 
of ascertaining whether the same amount of current will in its dif- 
f event forms produce the same amount of transveree action, we find 
the data very imperfect. Davy noticed, that when the electric cur- 
rent was passing through an aqueous solution it affected a magnetic 
needle*, and Dr. Ritchie says, that the current in the electrolyte is 
as magnetic as that in a metallic wiref , and has made water revolve 
round a magnet as a wire carrying the current would revolve. 

16'36. Disruptive discharge produces its magnetic effecits : a 
strong spark, passed transversely to a steele needle, will magnetise 
it as well as if the electricity of Uie spark were conducted by a 
metallic wire occupying the line of discharge ; and Sir H. Davy 
has shown that the discharge of a voltaic battery in vacuo is affected 
and has motion given to it by approximated magnets;!:. 

1657. Thus the three very different modes ef discharge, namely, 
conduction, electrolyzation, and disruptive discharge, *0^06 in pro- 
ducing the important transverse phenomenon of magnetism. Whe- 
ther convection or carrying discharge" will produce the same 
phenomenon has not been determined, and the few experiments I 
have as yet had time to make do not enablei,me to answer in the 
affirmative. 

1608. Having arrived at this point in the consideration pf the 
current and in the endeavour to apply its phenomena as tests of the 
truth or fallacy of the theory of induction^ which I have ventured 
to set forth, I am now very much tempted to indulge in a few 
speculations respecting its lateral action and its possible connection 
with the transverse condition of the lines of ordinary induction 
( 1 165. 1304.). I have long sought and still seek for an effect^or c<ti- 
dition which shall be to statical electricity what magnetic force is to 
current electricity ; for as the lines of discharge are associated with a 
certain transverse effect, so it appeared to me impossible but that the 
lines of tension or of inductive action, which of necessity prec^^e 
that discharge, should also have their corespondent transverse con- 
dition or effect (951.). 

1659* According to the beautiful theory of Ampere, the trans- 
verse force of a current may be represented by its attraction for a 
eimilar current and its repulsion ot^a contrary current. May not 
then the equivalt?nt transverse force of static electricity be repre- 
sented by that lateral tension or repulsion which the lines of induc- 
tive action appear to possess (1304.).^ Then again, when current 

♦ I^hilosophical Transactions, 1821, p. 426. 
f Ibid. 1832, p. 294. 

'' t PhilosophieBl Transactions, 182J, p. 
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or disdiarge occurs between two bodies, previously ynder itiduc- 
•trical rdations to each other, the lines of inductive force will weaken 
and fade away, and, as their lateral repulsive tension diminishes, 
will contract, and ultimately disappear in the line of discharge. 
May not this be an effect identical witli the attractions "of similar 
currents? e. may not the passage of static electricity into current 
electricityj and that of the lateral tension of the lines of inductive 
force into the lateral attraction of lines of similar discharge, have 
the same relation and dependencies, and run parallel to each other? 

1660. The phenomena of induction amongst currents which 1 
had the good fortune to discover some years ago (6. &c. 1048.)may 
perchance here form a connecting link in the series of effects. 
When a current is first formed, it tends to produce a current in the 
contrary direction in all the matter around it ; and if that matter 
have conducting properties and be fitly circumstanced, such a cur- 
rent is produced. On the contrary, when the original current is 
stopped, one in the same direction tends to form all around it, and, 
in conducting, matter properly arranged, will be excited. 

1661. Now tliough we perceive the effects only in that portion of 
matter which,being ig. the neighbourhood, has conducting properties, 
yet hyphthetically it is probable, that the non-conducting matter 
has also its relations to, and is affected by, the disturbing cause, 
though we have not yeiT^iscovered them. Again and again l^e 
relation of conductors and non-conductors has been shown to be one 
not of opposition in Jcind, but only of degree (1334. j 603.), and, 
therefore, for this, as well as for other reasons, it is probable, that 
what will affect a conductor will affect an insulator also ; producing 
perhaps what may deserve tlie term of the electrotonic state (60. 
242.1114,). 

1662. It is the feeling of the necessity of some lateral connexion 
between the lines of electee force (1114.); of some link in the chain 
of effects as yet unrecognised, that urges me to the expression of 
these speculations. The same feeding has led me to make many 
exfierinjents on the introduetion of insulating dielectrics having dif- 
ferent inductive capacities (1270. 1277.) between magnetic poles 
and wires canning currents, so as to pass across the lines of magnetic 
force. I have employed such bodies both at rest and in motion, 
withput, as yet, being able to detect any influfince produced by them; 
‘but I do by no means consider the experiments as sufficiently deli- 
cate, and intend, very shortly, to render them more decisive. 

1663. I think the hypothetical question may at present be put 
thus : can such considerations as those already generally expressed 
(1658,) account for the transverse effects of electrical currents ? are 
two such currents in relation to each other merely .hy the inductive 
condition of the particles of matter between them, or are tliey in 
relation by some higher quality and condition (1654.), which, 
acting at a distance and not by the intermediate particles, has, like 
the force of gravity, no relation to them ^ 

J664. If the latter be the case, then, when electricity is acting 
upon and in its direct and itS traiisverse action are essentially 
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difibrent in t^ir nature ; for the former, if I am correct^, will depend 
upon contiguous paltticles, and the latter will hot. As I have 
said before, this may be so, and I incline to th^ view at present^ 
but 1 am desirous of suggesting considerations why it may not, that 
the question may be thoroughly sifted. 

1665. The transverse power has a character of polarity impressed 
upon it. In the simplest forms it appears as attraction ilr repulsion, 
according as the currents are in the same or different directicms : in 
the current and the magnet it takes up the condition of tangential 
forces ; and in magnets and their particles produces poles. Since 
the experiments have been made which have persuaded me'that the 
polar mrces of electricity, as in induction and electrolytic action 
(12S8. 1343.), show effects at a distance only by means of the polar- 
ized contiguous and intervening particles, I have been led to expect 
tliat all polar forces act in the same general manner ; and the other 
kinds of phenomena which one can bring to bear upon the subject 
seem fitted to strengthen that expectation. Thus in crystallizations 
tlie effect is transmitted from particle to particle ; hiid in this manner, 
in acetic acid or freezing water a crystal a few inches or even a 
couple of feet in length will form in less than second, but progres- 
sivtsly and by a transmission of pov;er from particlet to particle. 
And, as far as I remember, no case of polar action, or partaking of 
polar action, except the one under discuetrlon, can be found which 
does not act by contiguous particles.* k is apparently of the nature 
of polar forces that such should be the case, iof the one force either 
finds or developes the contrary force near to it, and has, therefore, 
no occasion to seek for it at a distance. 

1666. Hut leaving these hypothetical notions respecting the nature 
of the lateral action out of sight, and returning to the direct effects, 
I think, that the phenomena examined and reasoning employed in 
this and the two preceding papers tend' to confirm the view first 
taken (1 164), namely, that ordinary inductive action and the effects 
dependent upon it, are due to an, action of the contiguous particles 
of the dielectric interposed between the charged surfaces or paiHs 
which constitute, as it were, the terminations of the effect The 
great point of distinction and power (if it have any)‘'m the theory 
is, the making the dielectric of essential and specific importance, 
instead of leaving it as’ it were a mere accidental drcumstanc^^Hn* 
the simple representative of space, having no more influence over 
the phenomena than the space occupied by it. J have still certain 
other results and views respecting the nature of the electrical forces 
and excitation, which are connected «vith the present theory ; and, 
unless upon further consideration they sink in my estimation, I 
shall very shortly- put tliem into fbrm as another series of these 
electrical researches. 

Mi^al Insiiiuiiony Feb* 4, 1838. 

* I moan ky conliguous particles tliose wlnck arc next to each other, not that 
there space h«‘ttvecn them. (8ec * 
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ExaminatM ^ Professor Wheatstone, and Charles Alexander Satin-- 
ders, Esq., Secr^ary to the Great Western Railway ^ by the 
Parliamentary C('mmitiee on Railways. 

Professor Wheatstone Examined. 

Mr. Loch. — You have turned your attention for sometime to the 
means of communicating intelligence by means of wires, by elec- 
tricity } 1 have. 

, You have tried experiments to that effect to a considerable extent, 
have you not? J have been engaged in this enquiry for some years 
past, and in conjunction with a gentleman, Mr. Cooke, who has 
turned his attention to the same subject, I have within that time 
taken out several patents for the means of effecting this object, and 
the experiments have since been carried to a considerable extent on 
the Oreat^WesJern Railway. « 

It is the continuity of property a railway possesses between two 
extreme points, which enal>M you to try it more effectually ? Af 
railway offers considerable facilities ; but the only necessary condi- 
tion is, that a communication must be formed between two distant 
places by metallic wires. 

Therefore a railway, affording the opportunity by means of con- 
tinuous property between these tw'o extreme points, enables the 
experiment to be tried better on a railway than wdiere fliere is a 
variety of distinct properties intervening t A railway offers greater 
facilities, because greater aftention can be paid to it. 

Will you have the goodness to describe to the committee the 
mode in which you propose to coragiunicate intelligence between 
two distant |>oints, as alluded to by you ? I have here a copy of 
the drawiftg of the specification to the first patent taken out by my- 
self and Mr. CoOke ; in all essential particulars the instrument here 
represented resembles the one at the Great Western Railway. Here 
is may be called a dial (fig. A), with ffvc vertical magnetic 
needles. Upon this dial 20 letters of tlie alphabet are marked, and 
the various letters are indicated by the mutual convergence of two 
needles when they are caused to move ; if the first needle turns to 
the right, and the second to thcbleft, H is indicated. If the first 
needle deviates to the right, and the fourth to the left, then B is in- 
dicated ; if the same needles conv^ge downwards, theia V is pointed 
* to. 1 hese magnetic needles are acted upon by electrical currents, 
))assing through coils of wire placed immediately behind tJjem ; 
here is the representation of one of those coils, with the position of 
the magnetic needle with respect to it (fig. 6.). Each of the coils 
forms a portion of a communicating wire, which may extend to any 
distance whatever ; these wires, at their termination, are conn&ted 
with an apparatui^ which may be called a communicator (fig. H.), 

2 IT 
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because by means of it the signals are communicated ; it consists of 
five longitudinal and two transverse metal bars^ fixed in a wooden 
frame ; the latter are united to the two poles of a voltaic battery, 
and, in fhe ordinary condition of the instrument, have no metallic 
communication with the longitudinal bars, which are each immedi- 
ately connected with a different wire of the line ; on each of these 
longitudinal bars two stops are placed, forming together two parallel 
rows. ^ hen a stop of the upper row is pressed down, the bar upon 
which it is placed forms a metallic communication with the trans- 
verse bar below it, which is connected with one of the poles of the 
battery ; and when one of the stops of the lower row is touched, 
another of the longtitudinal bars forms a metallic communication 
with the other pole of the voltaic battery, and the current flows 
through the two wires connected with the longitudinal bars, to 
whatever distance they may be extended, passing up one and down 
the other, provided they be connected together at their opposite ex- 
tremities, and affecting magnetic needles placed before the coils 
which are interposed in the circuit. 

Both of these are at the London end } Yes, both the communi- 
cator and the dial- •' 

At each end there is that apparatus ? Yes ; there must be a 
'Similar complete apparatus at every dffferent station. 

Lord Granville Somerset. — This telegraph now extends from 
London to Drayton ? Yes. 

Is not there a power at each station of communicating and being 
communicated to from every other station along the whole line ? 
There is. 

Chairman. — Is there this apparatus at every station ? There may 
be one at each station if thouglit proper. 

Putting up these at the intermediate stations does not injure it at 
the ends? No, it will only require a slight addition to the number 
of elements of the voltaic batte'^y in proportion to the number of in- 
termediate stations. 

Lord Granville Somerset. — How do you provide*^for the case of 
parties at different stations wishing to communicate at the same mo- 
ment ? They cannot do so in the same line ; th^ one party must 
not work his tclegra]^ if he sees it transmitting signals from a^iA^her 
station. ^ 

Then, before he begins working, he must observe that there is no 
working at another part of the line? He will know that by his own 
instrument, for all are at work at fhe same moment. 

Suppose a party wishes to telegraph from Drayton to London at 
the same mo-nent that a party at Hanwell wishes to telegraph to 
London, will the telegraph of tlte person at Drayton interfere with 
the telegraph of the person at Hanwell ? Two distinct messages 
cannot be sent through the sai. a line at the same time from different 
stations. 

Suppose the parties go unconsciously but simultaneously to the 
tele^aph at the same moment P They could not^o unconsciously, 
because they would see that the apparatus was working. 
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. Therefore they must wait till that working has ceased before 
they begin to send up their own message ? Yes. 

Mr. Loch. — Suppose there is a message intended for the extreme 
end, would the persons at each of those stations be made acquainted 
with the message intended for the extreme end ? If the same tele- 
graphic dictionary, or if the ordinary alphabetic spelling be employ- 
ed at all the stations, every person on the watcli would know what 
was going on ; but if communication by cyj^r be adopted, a dif- 
ferent one may be used at each station. " 

Lord Granville Somerset. — Suppose at the Drayton station there 
is an intimation desired to be given of the necessity of sending 
down an engine, will the parties at the other stations, be aware of 
that message being sent up ? If there is only one line laid down, 
they would ; at jiresent the line consists of six wires, and one tele- 
graph only is worked by their means. 

Will the parties at each station know what is communicated from 
one point another ? Yes; unless the communication is sent in 
cypher. 

Suppose it is sent in the ordinary way, without cypher or in- 
tended concejvjmenl, would it known along the line Yes, it 
might be read at all the stations simultaneously. 

They are worked all the»way along Yes. There is anoth^ 
very essential part of the aj>|)aratus I wish to mention, which is, 
the means we have of ringing a bell before the communication 
begins, in order to cafl the attention of tht' observer ; these draw- 
ings represent the inode first adopted, but other constrilctioiie are 
now in use. *1 he general principle of the alarum here represented 
is this: to the detent of an alarum, on the ordinary construction of 
a clock alarum, a piece of soft iron is fixed, and opposite to it there 
is a bar of soft iron bent ’to the form of a horse-shoe ; round this 
bent bar, wire, covered with silk, is wound, forming numerous coils ; 
it is a property of soft iron to become powerfully magnetic when an 
ele^|;ric current passes through a cod thus surrounding it. When 
the hors{-shoe bar thus becomes magnetic, it therefore attracts the 
detent, and thft bell immediately rings when the current ceases 
the magnetic power ceases also, and the bell discontinues to ring. 
Th#r^ are several other contrivances made lo effect this purpose. 
Some arrangements are here represented to which Mr. Cooke has 
particularly directed his attention ; they relate to the means of es- 
tablishing communications at intermediate parts of the line where 
no fixed stations exist. Toeffe^ this, posts are placed at every 
quarter of a mile along the line, for the purpose of establishing a 
temporary communication with either of the adjaceq^t statioiivs'; the 
guard of a train may thus carry with him a portable instrument, by 
means of which he can send up a message tef a station either way, 
whenever it may be required. This is a representation of the mode 
by which this purpose is effected ; here is one of the quarter of a 
mile posts : the wires are carried up through it, and there is, on the 
top of it, an apparftus to which the portable tedegraph may be tem- 
porarily fixed, ifiid by means of which a message may be sent in 
either direction of the line at pleasure. 
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Mr» Loch.' — How are those wires kept insulated in the tubes ? 
First, the wires are insulated from each other by a mixture of 
cotton' and India rubber, which is a very good insulating material ; 
then, the^ prepared wires are all passed, with certain precautions, 
through an iron tube, which in some parts of the line is buried 
beneath the ground, and in other parts of the line is raised above it. 

That mixture of cotton and india-rubber cuts off all communi- 
cation between the mre and the tube? — Yes^and between the 
separate wires ; it is Pniihcicnt non-conductor. 

Chairman. — You say, a guard may communicate by means of 
one of these posts put up, with any station ? With the stations 
either way. 

Ke iinist carry a iJortable apparatus P Yes. 

That must be the nature of the keys, must it not ? The tele- 
graphic apparatus necessarily consists of two parts^ the communi- 
cating keys and the dial on which the indicated characters are seen ; 
that which the guard carries must contain both these parts here ; 
the keys and the dial are in the same apparatus. 

Lord Granville Somerset. — Suppose the Gre.at Western Railway 
were completed between London ai?d Bristol, “do you cor>tcmplate 
the possibility of carrying your telegrapli through the whole way, 
sq^as to signify from London to Bristol^nything you wdsh to com- 
municiito, and ince versa from Bristol to London ? The experiment 
lias not been tried, but I have every reason to believe that it can 
be done. 

You must multiply your pow^r considerablv in that case; but if 
you can multiply your power sufficiently, there is no difficulty, in 
your opinijn, in performing that? One very important circum- 
stance 1 have ascertained is the little power requisite to produce 
this effect ; it was formerly thought that to send a cuirent to any 
considerable extent, very strong batteries must be employed, bat 
in fact a very weak battery is sufficient, provided only it consists of 
a number of elements proportionate to the distance. 

Do you see any jmu-liiral difficulty in proportioning the number 
of your batteries to that extent, of 100, oi 120 miles ? 1 think 

there is none. 

far as your experiments have gone, you thinK you should^be 
able to effect tliis telegraphic communication between Bristol and 
London Y es ; possibly several stations may be required, but, at 
*^any rate, the stations may be at far greater distanced from each 
other than would be required for ^any ordinary system of tele- 
graphs; my opinion is, that the intermediate stations will not be 
required. ^ 

' You think you may communicate to the Reading station, the 
Reading station to an(>thcr in the direction of Bristol, and tliat to 
Bristol ? Yes ; this means would be adopted if it should be found 
impracticable to efleet an immediate communication between the 
two extreme stations. 

Mr. French. — Have you any doubt you couM do it with one 
intermediate station, dividing tlie distance ? The Xxperiment has 
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pot been tried ; if perfect insulation of the wires cair be obtained^ 
there will be no difficulty ; theoretically there is no difficulty, but 
we mififht meet with practical obstacles in so long a line. 

Lord Granville Somerset. — How long has this line been laid 
down upon the Great Western ? I think it was finished in J uly 
last. (183f).) 

Do you think you have had experience enough during the last 
winter to ascertain that it will not fail you in consequence of any 
inclemency of weather, or circumstances of that nature? If the 
wires ate properly protected, I think there is no fear whatever. 

Do you conceive they can be so protected, that weather will 
liave no effect upon them? Yes, that is my judgment, from ex- 
periment. 

Mr. Loch. — Is there any appreciable loss of time in making a 
communicatioii from the Paddington station tothe extremity of tlie 
line to which the telegraph is now carried? From some experi- 
ments I made some years ago, published in the Philosophical Tran-, 
saetio?iSf when I first tiiraed my attention to the possibility of 
effecting telegraphic communications, I ascerbained that electricity 
travelled tlyrough a*cop])er wure at the rate of about 200,000 miles 
in a second ; consequently tliere is no appreciiible time lost in the 
communication of the csl^ctrical effect ; the only time that would 
be lost would be at relay stations, if they were necessary. ^ 

Mr. Freshfield. — Su])pose you w'ant to coninninicate from London 
to Bristol, how do J^ou signify that your intention is to conmi uni- 
cate with Bristol and not with Drayton ? Inhere would be a 
separate signal approjiriated to each station, wdiich would be made? 
before the communication begins, immediately after til's alarum has 
been rung. 

Mr. Loch. — What isihe rate at which light travels ? 192,000 

miles in a second. 

What you described in the first instance is the inode of asking 
t]^e question ; how is the ruessag^e received? The person w'ho is 
atteiuftng reads the message from tlie dial. 

Chairmans— Have the applications you have had from foreign 
countries to put uj) this means of communication been in connection 
wijh railways, •or separate from railways All in connection witli 
railways. 

Is it of any consequence that it should be on a railway, or does a 
railway offer any advantage in that resjiect ? Not the slightest ad- 
vantage with regard to layii^ down the line, but a great one with 
respect to its protection from injury. 

Sir John Guest. — Have yo« tried to pass the line through water ; 
There would be no difficulty in doing so, but tSe experiment has 
not yet been made. • ^ 

Chairman. — Could you communicate from Dover to Calais in 
that way ? I think it perfectly practicable. 

Have you any further observations to make ? An electrical tele- • 
graph offers a great many advantages over an ordinary tiglegraph ; 
it Avill work ^ay and night, but an ordinary telegraph will act only 
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during day ; " it will also work in all states of weather^ an ord* 
nary telegraph can only work in fine weather. I'here are a great 
numbef of days in the year ki which no communication can be given 
by an ordinary telegraph, and, besides, a great many communica- 
tions are stopped before they can be finished, on account of changes 
in the state of the atmosphere. No inconveniences of this kind 
would attend the electrical telegraph. Another advantage is, that 
the expense of the separate stations is by no means comparable to 
that of the ordinary telegraph ; no look-out-men are required, and 
the apparatus may be worked in any room where there are persons 
to attend to it. There is another advantage the electric possesses 
over the ordinary telegraph, viz. the rapidity with which the signals 
may be made to follow each otlier. Thirty signals may be conve- 
niently made in a minute ; that number cannot be made by the 
ordinary telegraph. ‘There is one thing I will take the opportunity 
to mention : I have been confining the attention of the committee 
to the telegraph now working on th^ Great Western Railroad, but 
having lately occupied myself in carrying into effect numerous im- 
proveu'ients which have suggested themselves to me, I have, 
conjointly with Mr. Cooke, who has tprned his 'attention greatly to 
the same subject, obtained a new patent for a telegraphic arrange- 
mejjt, which 1 think will present very advantages over that 
which at present exists. It can be applied without entailing any 
additional expense of consequence to the line now laid down ; it 
will only be necessary to substitute the new for' the former instru- 
ments. This new apparatus requires only a single pair of wires to 
effect all which the present one does with five, so that three inde- 
pendent telegraphs may be immediately placed on the line of tlie 
Great Western ; it presents in the same place all the letters of the 
alphabet according to any order of successiori, and the apparatus is 
so extremely simple, that any person without any previous acquaint- * 
ance with it can send a communication and read the answer. This 
a])pdratus 1 shall be happy to show the committee in action 
King’s College. 

Sir John Guest. — Does not the possibility of cutting off the 
communication between one point and another, occur to you ? The 
same objection may be made with regard to railroads themselve^ o 

Suppoce any person were to stop the communication from one 
town to another ? By destroying tlie continuity of the rails they 
might stop the passage of the trains. 

The common telegraphic communication could be kept up not- 
withstanding that ^ Certainly. 

Chairman. — Can you state the expense which would be incurred 
in laying it down f I am hardly prepared to state that, because 
only one line has been laid down at present. 

Mr. Loch. — Would it be your view ultimately, supposing the 
railway completed to Bristol, that there should be one line to tele- 
«graph to and another from Bristol ? No; the same line will serve 
both purposes. < 

There will be no inconvenience in practice m making use of the 
same line? No. 
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Mr. H. Baring. — This sort of telegraph is not in operation on any 
other railroad ? The Blackwell Company shortly intend to have it. 

Charles Alexander Saunders^ Esq., called in and e^^amined. 

Lord Granville Somerset — As secretary of the Great Western 
Railroad Company, can you state to the committee whether they 
have adopted Mr. Wheatstone’s magnetic telegraph ? As far as 
West Drayton, IS miles. 

How long has it been adopted? It was finished in July last ; it 
lias been in operation about seven or eight months. 

W^as that laid down at the expense of the railroad ? It was laid 
down under an agreement witii Mr. Cooke, whc is one of the 
patentees. 

Was it on behalf of Mr. Wheatstone also ? It was under agree- 
ment with Mr. Cooke, Mr. Cooke being the co-patentee. 

Does that agreement extend to any length of time, or has this been 
only an experiment ? I'he agreement contemplated the further ex- 
tension of it, if the Company required it within a certain period of 
time, after the comjiletion of the first 13 miles. 

In fact tbe Company havejiaid down this magnetic telegraph at 
their own expense, under a specific agreement with Mr. Cooke, the 
Company taking the exj^ense on the one hand and deiiving any 
benefit they may derive oji the other ? Yes, just so. ^ 

That agreement is determinable at a certain period ? It is. 

Is it renewable at the option of either party ? No ; I think it is 
absolutely determinable, not renewable. 

Have you any objection to state the term of years ? I have no 
objection to state the substance of the agreement, but ij^t is very long 
and very intricate ; the material substance of it is this : that within 
a certain number of months after the telegraph shall have been laid 
* and efficiently worked between Paddington and Drayton, the com- 
pany might call upon the patentees to give them a license for the 
^whole line, on certain terms ; there are a variety of further con- 
sidei^tions involved in {he agreement, which it would be very 
difficult to v^late. 

Is this agreement binding upon the patentees, so as to enable the 
*(ireat WesteAi Company to execute this Jel^raph all the way from 
Bristol to London: for a certain number of years ? It was binding 
upon them, buc the timt? has now expired. 

A new arrangement must be made before any permanent agree- 
ment is effected ? ■ Yes, ^neither party is now bound by that 
agreement. 

Have all the advantages which wer^ anticipated from this tele- 
graph accrued ? I think we have scarcely had* it in a state to say 
that we have derived all the advantages which were contemplated 
from it, because we have, between West Drayton and Paddington, 
very little inducement to work the telegraph* separately for that 
part ; it had much more reference to the more distant stations, and 
the communications of our line with others, or to communications 
between plmces on the line where short and long trains together are 
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running upon* the same portion of railroad. As yet we have had no. 
practical benefit of that description^ but it has enabled us to asceriain 
that the telegraph perfectly performs all the duty that was expected of 
it ; as far as it goes, it works perfectly true. 

Provided it shall work as well when your line is completed, do you 
anticipate all those useful results that were anticipated before it was laid 
down ? 1 do, indeed. 

That is your opinion, . after your experience of eight or nine months 
on 13 miles ? Yes. 

In general terms, is it a very expensive thing to lay down this mag- 
netic telegraph ? It is expensive, but that is a question of degree : I 
have no objection to state the expense incurred ; I believe it may be 
laid at from £260, to £300. a mile, including the charge for station 
instruments. 

In the discussions which have taken place, of which you may have 
been cognizant, upon the subject of railroad telegraphs, have the 
directors contemplated the conveyance of ordinary articles of intelli- 
gence between Brikol and I.ondon ? I think that view was entertained 
by the company when they originally tried it ; the object would he to 
facilitate all means of communication. 

Do yon consider that that would bdf the only means by which the 
company would be remunerated for the outlay ? I think the usefulness 
of iUJo the railway itself is the chief rcmimcrStion ; it is calculated un- 
doubtedly to simplify the working of the railway, and to diminish the 
slock of every description, whether of engines or of carriages ; to insure 
greater punctuality, and, in cases of accident, to repair the injury with 
the least delay, as well as to produce general advantages and greater 
security in working the railway. 

You think you might have a less establishment, and less stock, in 
consequence of having this magnetic telegraph, than you otherwise 
would be obliged to keep up to conduct the liife ? Undoubtedly. 

And that in that way the company would be remunerated ? I think * 
that would be a mode of remuncratiou ; I do not say to what extent it 
would operate, as compared with the expense of the telegraph itsejf. f 

In addition to the remuneration thus derived, do you conceive it will 
be an effectual mode of assisting in case of accident to jiassengers ? 
Certainly, it would be so. 

And in some instanceseof preventing accidents? Ves; if a lino* 
were at any place stopj.>cd uj), and a communication could be made by 
telegraph, it would prevent the danger of collision from a subsequent 
train running up to the place of danger. 

Mr. Wheatstone has stated that it is intended* that a gukrd should 
have a portable telegraph, capable of operating at the distance of every 
quarter of a mile?^ Yes, that is a plfti proposed; it has not been 
carried into effect on our line at present ; there are places to which the 
portable telegraphs may be«applied, but the men have not been instruc- 
ted in it yet 

Supposing that idea were carried out, would it not be the cause of 
great safety in case of sudden emergencies, or fear of accidents ? Yes ; 

I have no ^ doubt security against accidents would result, and more 
prompt assistance in case of accident. ' ^ 
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Suppose an engine unexpectedly became unfit for service, have 
you not, in the course of the last few months, occasionally sent to 
another station for ano|;her engine, by means of the telegraph ? 
Yes, we have, on one or two occasions within a few months ; we 
worked the telegraph for nearly two months, so as to cotllmunicate 
to Paddington the moment of the passing of the train at West 
Drayton and Hanwell ; that was done for the purpose of trying 
whether the telegraph would constantly work, and whether we 
could rely upon it, and it answered the purpose, certainly, 
admirably. 

Do you contemplate continuing that constant use of it ? No, we 
do not work it in that way ; but it is used in any emergency ; they 
can transmit any intelligence between West Drayton and Padding- 
ton, which it may be material to receive. 

If parties will want horses when they come, to the Paddington 
station, you are* in the habit of sending on intelligence of that? 
Yes, we are ; I think the chief use of the telegraph, what I con- 
sider the chief advantage of it, would be upon the junction of t\ro 
lines, where they are to be worked by the engines of one line ; for 
instance, upon the line from Bristol to London, at the junction of 
the Cheltenham Railway, it wcmld be a very great facility indeed 
if it could be ascertained at the moment at which the train comes up 
from Bristol which is to receive the Cheltenham traffic, that tite 
Cheltenham train is on its progress, and cither within five minutes 
or not within five minutes of the place ; by that means there would 
be no useless delay to either train, and in the same manner the 
down train coming up would be able to send previous intelligence 
from a station, by which the engine from the Cheltenham train 
would be ready at any time to take the train on withoift any loss 
of time. 

It would also, in case of any want of exactness in the arrival of 
a train, prevent collision, would it not ? It would, and it would 
reduce the expense of working the,line ; the superintendent might 
be cnab^d, in many cases, by delaying the train only a few minutes, 
to save the expense of a second engine being sent for a long distance. 

In case of any severe fogs in any particular district, would it not 
be a great advan^ge that the trains coining into that district should 
be trwle aware of that circumstance ? Yes,* I think in the case of 
our working short trains, which we shall probably do from Slough 
to London, independently of the Bristol trains, it would be very 
important for us to know at Paddington when a train is approach- 
ing, whether it be a Slouga of a Bristol train, and for Uiose at 
Slough to know that the long train is coming up, and is within a 
certain distance, or not within a certain distance, tha* they may pre- 
pare accordingly, whether to send on that train from Slough to 
London, or delay it for a short time. 

Suppose you wish to send an extra train from one point of your 
line to another, without any means of communication, there must 
be always a certain degree of danger either of running into another 
train, or meeting* another train } Yes, we. are always obliged 
' 2V 
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to' allow a ^certain interval to elapse before another tram is 
sent. 

I'hat is not always a certain means of preventing collision^ is it ? 
NOi it is not 

By means of this telegraph, could not you guard against tlie 
danger of accident in that respect ? Undoubtedly, it Would tend 
to security in those cases. 

Mr. Loch. — Would not the possession of such a means of con- 
veyance, after the telegraph is completed as far as Bristol, give the 
possessor of the telegraph a great advantage in a commercial point 
of view over the rest of the public ? It might do so, if they should 
choose so to avail themselves of their property. 

Has it ever occurred to you what remedy the public might have 
under those circumstances ^ 1 do not see how they possibly could 
have any remedy at all j I do not see why they ought to have any 
remedy. 

Would it be„ unfair, under those circumstances, that the Bailway 
Company should give facilities t6 other parties to erect other tele- 
graphs along their lines, paying the company for such facilities ? I 
think the company would not object to other parties having a facility 
if they were sufficiently paid for it f ’but I cannot conceive if a party 
possesses property, why he should refuse to make it useful to 
iKmself, or why he should be called i^on to make it as useful to 
another as to himself. 

Take the railway to Portsmouth, would it be at all a matter that 
would be indifferent to the country, that the directors of that rail- 
road should have the means of communicating by means of their 
telegraphy with London, while the Government is deprived of all 
communication between the principal naval station and the capital 
in the same manner ? I think the case cannot arise ; Government 
will have the power of course, if they choose to pay for it, of pit- 
ting a telegraph of their own between Portsmouth and London ; 
and there is no telegraph which « 2 ou Id exist, whether on the South- 
ampton or any other railway company possessing which wcvild pre- 
vent the Government having the use of it, if they ^choose to pay 
for it. Government might have one, of course, if they would’ go to 
the expense of making it. 

What expense do ydii refer to ? The expense of buying lan^ and 
putting it down. « 

Would it not be a much more ready way to give the Government 
the power to lay down the telegraph on the railway itself ? Pay- 
ing for it, I do not see the slightest '"objection to it. 

Lord Granville Somerset. — Suppose a restriction of the advan- 
tages of the rahway company to that which may be called their own 
peculiar business, axjcl not allowing it to transmit other intelli- 
gence ? It strikes me that that would be a prohibition to 4he com- 
pany laying it down at all. 

Mr. I^ch. — You think if this rule were laid down, that all the 
intelligence of those who telegraph should be made public with the 
exception of that on theh'y^ri affairs, that would opjerate as a pro- 
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hibition to their laying it down at all ? I scarcely ktiqw as to any 
iiule of its being made public ; I am answering these questions very 
much in the dark, but it strikes me that saying ‘'You may .lay it 
down, but you shall not use it except in a particular way,” would 
amount to a prohibition. • 

Mr. Green. — Do ycu see any objection to compelling the com- 
pany to allow persons to send any information they please by means 
of your telegraph } I see none at all, under particular arrange- 
ments, inasmuch as I think that is what they would do as a matter 
of course ; but then it must be subject to certain regulations of the 
company ; they could not consent to its being taken out of their 
hands, when they are using it, and given to another ; of course the 
transmission of general intelligence would be one source of income 
derived from it. 

Mr. Loch. — How would this operate upon t^c construction of a 
telegraph of this sort, if the government w’^ere to have the power, 
paying for it, to be enabled to lay dowm a telegraph of their own ; 
would that operate with the directors in preventing their laying 
down one of their own ? I think not at all ; I cannot conceive 
that it would be thei^ wish to prevent government possessing one. 
I think if an expenditure shall «liavc been incurred by any company 
in laying dowm one under the expectation that they will derive the 
benefit of it, whether in traiAsmitting railway information or genejial 
information, being properly*piiid for it, if they should be obliged 
to permit another cogipaiiy to lay down another telegraph on their 
line, that would be a great hardship ; but I am sure they would do 
everything they could to facilitate the views of government 

Lord Granville Somerset — Supposing the government ^were to 
lay down a magnetic telegraph from London to JSristol,* and sup- 
posing that any parties w’cre allowed, under certain regulations, to 
communicate by that tek^gra]>h, would you see any objection to 
tlfkt ?. I expressly reserved that it should be used for government 
purposes only. It never could answer to lay dowui two telegraphs ; 
it ^ould be a great hardsliip to make the possessor of the soil give 
up Iiis right to enable some other party to compete with him. 

Mr. Loch.— ^Confining it to government purposes, you see no ob- 
jection to allowing the government to lay an electrical telegraph? 
Ndl]|j whatever ; at the same time 1 should state that it is a subject 
I have not much thoiight of or considered, and therefore I fear my 
opinion its worth nothing. 

Chairman. — Why was not your telegraph put under ground? 
It was attempted at firsf to be put under ground, but the wet got so 
much to it, it was found better to put it above ground, to secure it 
from that injury. I believe ontfof the grdat difficullies the patentee 
fiad to contend with at tlie time has been since remedied by making 
the tubes more impervious to the wet, — {Mr.* Wheatstone.) I wish 
to mnke an observation with regard to the expense of the line : the 
cost of the present experiment has exceeded 250/. jier tuiJe. We 
will assume that it cannot safely be reduced, though I think witli 
more experience it might be ; if we consider that the cost of^laying 
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down the whole telegraphic line from London to Bristol will be 
only the cost of one mile of the railroad itself, the expenditure wiH 
not appear ^eat, considering the benefits to be obtained ; this is 
less than one per cent, upon the original estimate of the expenditure. 
Now wou^d it not be worth while to go to that expense to obtain all 
the advantages that will undoubtedly be obtained by the telegraph ? 

I will make a few observations with regard to the proposed Govern- 
ment line. The principal expense of laying down the telegraph 
line is, in fact, the iron tube and the other things connected with 
it. The mere cost of the wires is very little, not more than 6/. or 
7L per mile each. As many wires may be put as you please in the 
same tube, consequently, supposing an iron tube to be laid down ' 
from hence to Portsmouth, if wires for three distinct lines were en- 
closed within it, the expense of each line, considered separately, 
would be very considerably diminished. One line might be appropri- 
ated for the rail-road purposes alone, another for general commercial 
intercourse, that is, for sending messages for any parties who choose 
to pay for the accommodation ; and a third for the exclusive use of 
the Government. There would be no difficulty, if the Government 
have a telegraphic line thus associated with the others, to make the 
terminations in their own offices, from the admiralty in London, 
for instance, to any office belonging to the same department at 
l^tsmouth, so that information may bf *sent without communicat- 
ing with any persons but their own clerks. If this plan were 
adopted, it would do away v/ith every objection which has been 
made with regard to the injury a private Company would do to the 
public, by having the exclusive means of intelligence in their own 
hands ; %n/l 1 am sure any railway company would enter willingly 
into an arrangement, by which Government might possess an ex- 
clusive line at a very moderate expense, much below that at which 
they conld lay it down themselves. If tKe new telegraph of which 
I have spoken succeeds, and it has succeeded perfectly so far as ex- 
periments have yet been tried, w'c might place three telegraphs in 
connection with the six wires now used on the Great Western 
Railway, and these might be applied, as I have said before, to three 
specific purposes ; one exclusively for railway purposes, another 
to be let to any persons who choose to avail them^tdves of it, and 
'anotlier for Government objects. * * 

Would it be possible, by any portable instruments, for any third 
party to become acquainted with the messages sent on account of 
the government ? If the government feared anything of that kind, 
they must use a cypher ; communic^ions by the electric telegraph 
would be far less pubJip than by the present visual mode; at 
present every-lVody knows when a telegraph message is being 
despatched, and any person acquainted with the signals might read 
it. 

Is it not the case, that by a little attention any perspnean possess 
themselves of any cypher ? Very ingenious systems have certainly 
been d^cyphered, without any knowle<lge of their keys ; but the 
task is no easy one. An extremely simple and safe mode of cypher 
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has 'been devised^ by means of which a person may communicate 
with a thousand correspondents^ it being impossible for any one of 
them to read what is intended for another. 

Mr. Freshfield. — Have you made a calculation of the probable 
length of time the apparatus will continue, without requhring to be 
renewed ? That is a question 1 cannot answer ; but it comes to 
this : how long can the iron tube which contains the wires be pre* 
served; tlie wires themselves would remain uninjured for an 
indefinite period, if the tube be kept perfectly water-tight. 

Do you think the wear and tear of the apparatus from London 
to Bristol would be less than the wear and tear of the railroad for 
ona^mile } Far less. 

Mr. Loch. — Do you spell every word by the present mode.^ 
Some signals are used, but the words of a message are generally 
spelt. — ([Mr, Saunders.) We have some conveaitional signals; the 
others are spelt# While we were working the telegraph, we worked 
it for some time intermediately through the Ilanwell station, to try 
the effect of dividing it into different lines of telegraph ; there was 
evidently no perceptible difference of time from Drayton to Han- 
well, and from Hanwell to Paddington ; for the same party having 
a double* instrument an Ilanwt41, the instant he saw the signals on 
one he touched the keys of the other ; the effect is quite instantane- 
ous ; in that way it inighf be sent to almost any distance. 

,(A description of the chal-plate of this telegraph, and of the 
arrangement of the magnetic needles, and their helices, will be given 
in our next number.) — FiUiT. 


3a.ix.— o« Eleclro-Magnctic Coil Machines; Bv Thomas 

Wright, Esq. * 

* . 

Dear Sir,— H aving been lately making some experiments with 
H view of determining the most efficient form wliich can be given 
to the coil in electro-magnetic coil machines^ and having succeeded 
in pAiducing a macJiine^of great power in proportion to the quan- 
tity of w^ire employed, I proceed to lay an account of my experi- 
ments before the readers of your valuable journal. 

I have long considered that both the intensity and quantity effects 
of these machines are due, rather to the intensity than the quantity 
of magnetism developed in tl^p central jcore of iron wires. The 
coils which I have seen produced by the Londdh philosophical 
instrument makers have been invariably short and Uiick, a form 
which I think very ill adapted to the purpose for which they were 
intended, as by this means a great quantity of magnetism is pro- 
duced, but possessing very little intensiiy. 

During the course of experiments which I instituted 1 cnpjjployed 
11 coils, the struefure of which was as follows: — 
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On Eleciro^Magneiic Coil Machines ; 


No. I, cotjsUted of a core of soft iron wires , 1-40* of inch 
in diameter, and foiir inches long, wound with 40 yards of copper 
wire 1-1 (). 

No. Core one footdong, half an inch in diameter, iron wires 
1-60; battery helix 40 yards 1-16; superimposed helix 60 yards, 1-40. 

No. 3. Core two feet by half an inch, iron wires 1-4Q, battery 
helix 60 yards 1-1 6, superimposed helix 60 yards 1-40. 

No. 4. Core one foot long, one inch in diameter, iron wir^s 1^40, 
helix 40 yards 1-16. 

No. 5. Core two feet by half an inch, battery helix 40 yards 
1-10, superimposed coil 60 yards 1-16. 

No. 6. Core one foot and a half by half an inch, helix twenty 
yards I-IO. 

Nos. 7 and 8. Cores each eight inches long, by a quarter of an 
inch, iron wires l-GO, battery helices each 25 yards 1-16, super- 
imposc^d helices eacn 50 yards l-60. 

No. 9* Core eight inches long by half an inch, iron wires 1-20, 
helix 25 yards f-16. 

'’No. 10. Core eight inches long, half an inch square, composed 
of seven strips of sheet iron carefully annea\ed, battery helix 30 
yards 1-1 6, superimposed helix 100«yards l-60. • 

No. 11. A compound U shaped bar 20 inches long, and two 
in^es in diameter, composed of hoop# iron riveted together and 
wound with eight copper wires 1-16, CO yards long, all covered 
together so as to form a single helix ; the wliple apparatus being 
fitted up with a revolving armature for the purpose of breaking 
contact with the battery. 

The effects of the above coils when connected- with^a seven inch 


pair of zind and copper plates excited a la Mullins were as follows : 

I 1 , Number of fcocotids re- 
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* ThfHdiameter of the wires in fractional parts of an inoii'j. 

H When the holiros arc mentioned as united, it is meant that the end of the 
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11. The -^cts from thisiklix iivitli the small battery above- 
mentioned were not so goed as from Nos. 7 and 8 conjoined ; 
when however it was connected with a series of four of Oaniefs 
cells 3 feet high by 4 inches in diameter, the sparks anj^ scintilla- 
tions were very splendid ; the decomposition witli this battery were 
not tried, as I had not then a decomposing apparatus at hand. 

Ail the iron used in the above coils was carefully annealed and 
the copper wire new and had not been coiled at any previous iime^ 

From the foregoing experiments it would seem that the most 
efficient form that can be given to these machines, is that of an 
elongated helix enclosing a core of /hin soft iron wires of not more 
than a quarter of an inch in diameter, and that if it should be re- 
quired to increase the size of the machine, the number of coils and 
not their diameter or length, should be multiplied. The most 
advantageous length for the battery current sc%ms to be about 20 
or 25 yards, I km not, however, quite sure as to this, with regard 
to decompositions. 

If the coils are multiplied great care must be taken that tlw 
length of wires, texture of metal, and method of coiling are exactly 
similar in each coil, Atherwise the stronger currents will use the 
wire of the Weaker ones as p^tial conductors, and thereby very 
greatly deteriorate the acjion of the whole of them : thus if we 
unite a helix of 40 yards anlS one of (‘0 in a double strand we slfall 
not obtain near so strong a shock as from either of them singly ; 
but if we unite two helices of equal length, the shock is sometimes 
better, the decomposition and deflagrations always so 

I have fitted up the coils 7 and 8 with my vibrating elcctrotome,* 
described in a late* number of the “Annals”: and by particular 
arrangement of springs pressing against each other in various direc- 
tions, I can instantly vary^the quantity or intensity of the current, 
s(yis to obtain it from lengths of 25, 50, 100, or 150 yards, or from 
a double length of 25 yards. 

The foot-board of the machine is hollow in order to admit a jlai 
battery underneath. * 

Flat Batteni . — Having noticed, (as I have no doubt many of 
your readers have) that in theoidiiiary cylindrical battery, the salt 

• 

batlei^ helix is joined to the oommeiiremenb of the tipper one so as to form cne 
continuous coil, the battery currijiit being passed through the thicker helix. 

J With this coil and both helices united, 1 was enabled to imitate the action 
of the Gyipuotus Uloctricus with great success, by inserting two pieces of tinfoil 
in a tub of water and coniieotiii" them with the coil ; if tho hand was placed in 
the water a shock was immediately tilt which was very severe when both hands 
were immei*sed. ^ 

• In my published description of tliis electrotome I was t»rry to perceive an 
error in the drawing ; the contact was there shown to he broken at the end ol‘ 
the spring, whereas it ought to have beoo at a poinhahout an inch and a half 
nearortho iihddlo of it; an electrotoroe thus constrncted will vibrate a little 
time after being jorkod by the finger, without the aid of the coil : it will be 
udvisablo to have the touching points, to/(ic3 ihmtd he swaW, tipped with platina; 
the spring should be about four inches long and press .strongly on the brass bar 
against which it vibrililtes ; some of the electi'otomos that I have tlius made are 
guile musicuL ^ 



3^^ On i}it Theortf of Mtherificalion- » 

in the cupreous solution is very liable to subside/ by means of 
which, the action, when iong continued, ts in a great measure con- 
fined to the lower part of the arrangement, which is evident from 
the copper becoming considerably thicker at the lower, than at the 
upper I was led to construct a battery in the following 
maimer « piece of thin sheet copper was bent up at the edges in 
the fomi of a tray, in the inside of this was placed a similar tray 
of thin .mil-board, cemented at the sides, and furnished with small 
legs of sealing wax.— -Zinc and salt^and water in the mill-board 
tray — sulphate of copper in the copper one. 

This battery has many advantages : — it is contracted at an ex- 
pense not greater than the cost of the materials — the action is veiy 
equable — and it can be easily slipped under the footrboard of any 
piece of apparatus to which it may be applied ,* * if it is required to 
employ a series of them, they may be piled upon each Other, the 
wires of the zinc plates pressing with a spring on the copper next 
above ; and as it it is not necessary that the trays should be moire 
tkan an inch deep, a large » battery 'bn this construction might be 
packed in a comparatively small space. 

Mr. Uriah Clarke has, I atn sorry to observe, accused me of 
copying his electro-magnetic maciffne ; this is certainly not the 
case, and if necessary 1 could adduce proof to the contrary ; 1 
caihiot say however that I see mucTi resemblance in the two 
arrangements further than that they have each a reciprocating mo- 
tion ; I consider Mr. Clarke's much superioi' to mine as to the 
crank point, though I think he will find that great power is gained 
by partially continuing the armatures on the magnet. I have not 
proceeded >^ith my engine, as I fancy I have hit upon a more efii- 
cient plan. I have very little expectation however of these engines 
being applicable to the working of machpery ; — at least economi- 
cally. They are very interesting toys, ^ 

1 am, my dear Sir, 

•• Very truly your's, 

William Sturgeon, Esq. ‘ THOMAS WEIGHT. 


the Theory of Miherfication, ( Miherhildung ) ; By Pro- 
fessor Heinrich Rose. • * 

• 

, It is known that many salts of the oxide of bismith, of the oxide 
of quicksilver, of the oxide of antimbny, and other metallic oxides, 
become decomposed by water. They, usually, by that means be- 
ooipb transformed intoliasic salts : but sometimes by the application 
of a sufficient quantity of water, the decomposition proceeds to the 
separation of pure oxide ; as, for instance, with the nitrate of the 
oxide of quicksilver. 

The explanations which are usually given of tht%e decompositions 
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is, that we ajdmit that the water resolves the neutral salt of a metallic 
oxide into an acid and a basic salt, in a similar manner to that in 
which nitric acid transforms red super-oxide of lead into pnjtoxide 
of lead, and brown super-oxide of lead. But the existence of acid 
salts, which, by the influence of the water on several neutral salts of 
metallic oxides, as has been supposed, is not satisfactorily proved : 
for in most cases the water takes only a of the acid frcjm the 
salt, and this dissolves some of the neutral salt, which, near the 
point of concentration of the acid solution by eyaporation, in most 
cSses crystallizes and separates as a neutral salt ; and but very 
seldom as a double combination of neutral salt and acid hydrate. 
In many cases the quantity of salt which dissolves in the acid is 
exceedingly small ; sometimes not any, and the whole quantity of 
the oxide forms an insoluble basic salt. 

The easiest explanation which we can give pf these decomposi- 
tions by w^ater, .appears to me to be this, that it is the water which 
acts as a base, and separates the oxide as a basic salt ; or, sometimes 
even in a pure condition, and* combii\es with the acid to form a 
hydrate. This explanation will become the more admissablc as we 
have already been accustomed to consider the hydrates of acids as 
saline compounds, in which the water represents a fixed base. It 
is well known what fertile inferences for the whole theory of che- 
mistry have been drawn l)y Ahese view^s of the nature of the act^n, 
and especially by Graham, 'Berzelius, and Liebig. 

In fact, it is particularly the salts of such metallic oxides as are 
not possessed of strong basic properties which by water become 
decomposed. The salts of the more formidable bases do not dis- 
play this phenomenon. 

According to this view these decompositions are anala'gous to the 
conversion of the red oxide of lead into the brown super-oxide and 
the protoxide of lead by \heans of nitric acid, only that they are of 
a^irectly opposite kind ; for the strong acid, in a combination of 
protoxide of lead with the peroxide, expels the electro-negative 
bq(ly, and combines with the basic. 

The water occurs, also, as a base in other cases, and sometimes 
displaces oth^r bases from their combinations. As, however, it 
always belongs to the weaker bases, and is at the same time volatile, 
cases. are not very frequent. But although itself volatile, it 
can expel the volatile oxide of ammonium from its combinations. J f 
a solution of sulphate of the oxide of ammonium be boiled for a long 
time it becomes acid, and provided the boiling be in a retort, a 
fluid, containing free, ammo!»ia, distils over into the recipient. 
This result obviously proceeds from tlie water, as a base, expelling 
the oxide of ammonium, (whicB in a fred state cariiiot exist, but is 
resolved into ammonia and water) from its combination with sul- 
phuric acid, with which it enters into a combfnalion. The quantity 
of the sulphate of the oxide of ammonia, which, in this way, be- 
comes decomposed, is certainly very small ; we must, however, 
consider that the oxide of ammonium belongs to the most powerful 
bases, and this re'IBult is principally to be attributed tn its {Superior 
volatility. ’ 
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If we apply the foregoing explanation of the decomposition of 
many salts by water^ to the theory of Etherification, much simpli- 
city will be derived. 

derzelius and Liebig have adopted the view, that the aether may 
be regarded as a base, which view has found such general appro-^ 
bation that it is become almost universally adopted, at least in 
Germany. 

It is known that the salts of the oxide of sethyl, (the compound 
aethers) by bases, become more or less .^easily decomposed 
water is present : for those bases associate themselves with the acid 
of the compound, and liberate the oxide of aethyl as a hydrate 
(alcohol.) 

The same decomposition, nevertheless, is also caused by water, 
which, in this case, obviously opemtea as a base. Some compounds 
of the oxide of a^thjd become as easily decomposed by water, as by 
the operation of many other bases ; as, for instance, is the case with 
oxalic gether, wliich, by water, becomes resolved into hydrate of 
o^lic acid and alcohol. To accorfiplish this transformation it is 
not necessary to employ a high temperature, because it takes place 
even at the common temperature, and, indeedy»iii a very short time. 

The acid sulphate of oxide of atthyl, or rather the combination of 
the sulphates of the oxide of aethyl with hydrated sulpl^urie acid, 
(stiiphovinic acid) in its solution in wafer, also suffers a precisely 
similar decomposition. Even at the coVnmon temperature, in this 
case, will alcohol and hydrate of sulphuric acid be gradually 
formed : but their formation is much quickened by boiling. 

This process may also be easily explained on the supposition 
that the water operating as a base liberates the 03 ^ide of aethyl from 
its combinaVion with the sulphuric acid, which, at the moment of 
separation, takes up water and forms alcohol. 

The aqueous solutions of nearly all tfic sulphovinates becoi^je 
similarly decomposed, and especially when boiled. Alcohol and 
water evaporate, and in the solution is formed a so called acid sul- 
phate, that is to say, a double compound of the neutral salt,, which, 
with the hydrate of sul})huric acid, pre-existed in the^ sulphovinate 
salt. 

If sulphovinic acid be heated with only a small quantity of 
water, no alcoliol will Ue obtained, but principally hydrated Sul- 
phuric acid, and pure oxide of aethyl, qr ather. There is not a 
sufficiency of water present to transform the liberated ather into 
alcohol. 

If alcohol be mixed with hydrated sulphuric acid, sulphovinic 
acid .biecomes formed, or a double compound of neutral sulphate of 
oxidejdf ;athyl ^iflth the hydrated sulphuric acid. By the forma- 
tion of sulphate of oxide of aethyl two atoms of water are set free ; 
one from the hydrated sulphuric acid and the other from the alco- 
hol. By heating the mixture, one of these free atoms of water 
liberates oxide of aethyl from its combination with sulphuric acid, 
combines with the acid, and forms hydrated sulphuric acid. 

But why does not the aether combine with w'atelr at the moment 
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it is liberated^ and thus form alcohol P The water is sufficiently 
plentiful, because the liberation of the aether requires only one atom 
of water ; and at the formation of sulphovinic acid, even .when 
anhydrous alcohol is employed, two atoms are set free. 

It is known, that sulphuric acid can take up more than^one atom 
if water to form a hydrate. We know, also, that, besides the 
common hydrate with one atom of water, there is a second, which 
can be prepared in a crystalline state, and which contains two atoms 
of watei^ This compound corresponds to a basic sulphate salt. 

The disposition of the hydrate of sulphuric acid to take up more 
water is very great, and it is employed on this account for various 
purposes in our laboratories. It is this which prevents the setlier, 
originating from the decomposition of the sulphovinic acid, from 
taking up the second atom of water ; but if the mixture is uninter- 
ruptedly boiled for some time, the hydrated vilphuric acid loses 
the acquired water, which may then be distilled over in company 
with the aether. 'I'he a?ther may therefore, from a V<)iling mixture 
of the hydrate of sulphuric acid aftid alcohol, be distilled over at th§ 
same time with water ; but they are not the products of one, 
but of two chemical processes, which are both active together in 
the boiling mixture. 

At the commencement of the o])eration, but very little water 
passes over along with the* dether and that alcohol contained in Ae 
mixture, which has not heed converted into sulphovinic acid so, 
that the water remains dissolved in the distilled alcoholic aether, and 
does not separate ; the quantity of water increases by further dis- 
tillation, especially at a high temperature, when the quantity of 
the second hydrate *of sulphuric acid has augmented. 

Anhydrous alcohol is scarcely ever employed in the preparation 
of ajther, hut generally hydrated. It is evident that in the latter 
c:^ the quantity of the second hydrate of sulphuric acid must be 
considerably increased. The experiments of Liebig, Magnus, and 
Marchand have shown that in the«cold this second hydrate cannot 
form sulphovinic acid with .tlcohol, hut does so at a higher tempe- 
rature, and therefore that such a mixture on boiling can give apther 
by distillation. But it is known that by employing hydrated, 
or even anhydrous alcohol, there is always a portion of it which is 
not^eSnverted into sulphovinic acid, and thiS quantity may be dis- 
tilled as alcohol from the mixture. A second portion of alcohol, 
which distils over iii company with the aether, in the formation of 
Hither, may, however, produced in this way, — that aether and 
water are ' contemporaneously disengaged from the mixture, and 
combine to form alcohol ; for it j[s produced only in this way when 
a solution of pure sulphovinic acid is boiled with ihuch water, or 
compound aethers decomposed by water or^by the hydrates of 
bases. 

When, however, from the tendency of the hyeftate of sulphuric 
acid to take up more water, apther has been evolved from a mixture 
of alcohol and sulphuric acid, it does not take up any water after 
being once separated: but water may be distilled over by heating 
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the diluted sulphuric acid. We know that when aether is treated 
with Water, or even dissolved in it, no alcohol is formed. When) 
aether us once separated from a compound of oxide of athyl^ the 
former can in no way be converted by water into alcohol. Only 
when, as fibove observed, the aether comes in contact with water at 
the moment of its expulsion does it form alcohol with it. The 
contemporaneous disengagement of aether and water, from a boiling 
mixture of alcohol and the hydrate of* sulphuric aci 1, shows there- 
fore quite evidently that both owe their origin to two distinct 
processes^ 

Moreover, it is by no means an anomalous phamomenon that a 
base, wliich is capable of forming a hydrate, docs not coiubine witli 
'Water when brought into contact with it in a pure state ; a gre;.t 
number of cases of this kind occur in inorganic chemistry. W v 
need only compare? aether with that miTnerous class of ignited 
oxides in which so compact a state of cohesion is produced by heat, 
that they not only withstand the action of water, but even entirely 
Of partially that of acids, to find abundant proof of such analogies. 
The ignited oxides with these properties always belong to the 
weaker ^bases, under which aether must necessarily be, classed, 
-dither may be assimilated to thesfc oxides the nuire, as it like them 
combines directly with acids with difficulty. f 

®ut even among the stronger bases '^e find some whose relations 
to water resemble those of aether. When oxide of copper is pre- 
cipitated in the cold by bases from solutions o\’ salts of the oxides 
of copper, appears as a hydrate of the^oxide of copper ; which, 
however, on being heated under water, loses its water, and does 
not take it, up again when left in contact with it at a higher, or at 
the common temperature. 

To find out at what period, in the preparation of tether by boil- 
ing a mixture of alcohol and sulphuric acid, water commences 
pass over, M. W ittstock, at my request, instituted a series of experi- 
ments, which he had the kindness to communicate to me. 

Tw^o pounds of the hydrate of sulplfuric acid were mix 4 >d c6ld 
witli two pounds of anhydrous alcohol, the mixture was made to 
boil with all possible haste in a retort, the distilled products, well 
cooled, were gradually received, and the distillation continued uptil 
the contents of the retort boiled over. * 

The weight and specific gravity of th» products were determined 
as they distilled over in succession. The results are as follows : — 
First distillation : 3 drachms 50 grains ; spec. gr. 0*776*; pro- 
duced before the boiling of The mixture. The following 
products passed over after boiling : — 

Second : S ounces 6 drachms ; spec. gr. 0*808. 

Third : 3/junces 6 drachms ; spec, gr. ,0'800. 

Fourth : , 3 ounces 6 drachms ; spec. gr. 0'786‘. 

Fifth : 3 ounces 5 drachms 50 grs. ; spec. gr. 0*776. 

Sixth : 4 ounces 1 drachm 50 grs. ; spec gr. 076 1 . 

♦ 'J'h(»Rpocific gravities, both hore well as those to |)c mciilionctl siibso 
qiiyiitly, were all doteniiincd at Rcaum. I’ahr.), ^ 
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Seventh \ 1 ounce 7 drachms 10 grs. ; spec. gr. 0*800. 

Eighth : 1 ounce 2 drachms. 

The first five products consisted of a single liquid ; the sixtli was 
the first in which a layer of water and of aether were perceptible. 
The quantity of separated water amounted to :3 drachms; the 
asthereal liquid had the specific gravity mentioned above. The 
seventh product consisted in volume of two parts w.*iter, and three 
parts of an aethereal fluid of the specific gravi^^ stated ; the eighth 
consisted almost entirely of water, above which floated a very thin 
layer of letlier, which was coloured yellow by oil of Avinc. The 
contents of the retort boiled over on the continued application of 
heat. 

The first five products consisted of a*ther mixed with alcoliol, 
which last was contained in the retort as such, and not converted 
into sulphovinic acid, and evaporated from the mixture in company 
with the aether. The first product, which distilled over at the 
lowest temperature, contained, to judge from its specific gravity, 
much a’ther, and little alcohol, quite opposed to the general opinion 
that a*tlier is only Ibrmed at the boiling-point of the mixture. The 
succeeding products* gradually^ became, according to their specifiic 
gravity, constantly more aethereal, and contained less alcohol ; but 
only in tlK? sixth prod net ^as there so much water that it separated, 
and the quantity increased ,?n proportion as the distillation was fon- 
tinued. 

The first six proefucts smelt but slightly of oil of wine ; but the 
seventh contained a portion, and also smelt ol’ sulphurous acid. 
After the first seyen products had been mixed together, and the 
separated water removed, they had a specific gravity of, 0-788. 

It is well known tliat tether is prepared, of late, in tfie most ad- 
vantageous manner, by fallowing a small stream of alcohol to flow 
constantly into a mixture of alcohol and the hydrate of sulphuric 
acid. It has been denied that the presence of sulphovinic acid is 
of essential influence in the formation of tether, and asserted that it 
is^ot necessary that the fbfmation of this acid should precede that 
of fTther, because in the method ofprepariiig'mtiier alluded to, the 
boiling mixture must be constantly at a temperature of cent., 
atiwhicli sulplK/vinic acid could not exist. ^ Rut at the point where 
the current of cold alcoliol flows into the boiling mixture, the tem- 
perature is under 14-0^^ C.*' The sulphovinic acid formed is decom- 
posed it is true, in a very short time, from its soon acquiring the 
temperature of the hoiiiTig licpiid. The preparation of aether, ac- 
cording to the above inethcKl, consists therefore in a constant form- 
ation, and continual decomposition of sulphovinic acid. It is a pretty 
generally entertained opinion that the production of aether from a 
mixture of alcohol and sulphuric acid, is sohly effected by the boil- 
ing of the mixture, which takes place at a high temperature, about 
140“ C. In many works on chemistry we meet with the asser- 
tion that when a mixture of sulphuric acid and alcoliol are heated 
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at a temperature, not high enough for it to boil, no aether, but merely 
anhydrous alcohol, is obtained. 

Were this assertion correct, it would be an important objection to 
the hypothesis 1 have advanced ; for, according to that, it would be 
somewhat difficult to explain the circumstance why the oxide of 
eethyl is separated at a lower temperature, as a dydrate^ and at a 
higher one in an anhydrous state. 

But this common opinion is founded on an error, which to me is 
quite incomprehensible, -dither is obtained even from a mix^re of 
the hydrate of sulphuric acid and anhydrous alcohol, when distilled 
in a water-bath, at a temperature which need not always amount to 
the boiling heat of water. It is not indeed requisite to employ an- 
hydrous alcohol, but the hydrated, of <>0 per cent. Tralles*, to obtain 
uither from a mixture at the above-mentioned temperature. 

Mr. Wittstock, aU my request, had the goodness to institute a 
series of experiments on this point, and communicated the result 
to me, 

}, Fifteen ounces of anh3Mlrous alcohol were mixed in the cold, 
with an equal weight of the hydrate of sulphuric acid, and the mix- 
ture dirtilled at a temperature at which it coukl not boil strongly. 
The products, well cooled, were successively received, and the 
temperature at which they passed over accurately noted. , 

%tFirst product : 1 dr, 10 grs., spec. ^f. 0.817, 

passed over at from 60*^ to 80*^ R. 

Second product: 3 oz. 1 dr. 10 gr., spec. gr. 

0.792, passed over at from 90® — ^93 „ 

Third product : 3 drs. 07 grs., spec. gr. 0.772, 

passed over at from I 70® — 80® „ 

Fourth product : 2 oz. 40 grs., spec. gr. 0.749, 

passed over at from 90® — 95<i „ 

Fifth product : 0 drs. * ^ 

When the mixture had reached the temperature of 90® it began 
to boil very slightly ; the boiling, dioM^ever, subsequently ceased at 
this temperature, but even then ajther «was disengaged frcgpci the 
mixture in bubbles, just as carbonic acid gas escapes at^the common 
temperature from a liquid strongly saturated with it. 

From these experiments it is evident that sether is formed at far 
lower temperatures thaA is usually supposed. The first prodliSb 
smelled indeed strongly of u ther ; but chiefly consisted, which is 
also indicated by the specific gravity, of alcohol, which had not 
been converted, by mixing with sulphuric «acid, into sulphovinic 
acid ; a*ther could not be separated frdm it, either by water or even 
by chloride of calcium. Jhe secoqd, third, and fourth products 
consisted, on the •contrary, principally ot aether, which could even 
be separated by mere washing with water. The fifth was the first 
that contained free water, and indeed, in volume, more than the 
half. The specific gravity of the dBthereal liquid floating above it 
• That is U(> per cent, absolute alcohol by volume. 
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vras not determined. This last product distilled over very slo^ly^ 

' although at times the temperature was raised to 100° R. 

Ft results from these experiments that aether which is produced 
at lower temperatures than is requisite to boil the mixtiwe, is at the 
same time purer, and contains less alcohol and water than aether 
which has been prepaied by strong boiling. A comparison of the 
specific gravities with those previously mentioned, set this evidently 
beyond all doubt. At a low temperature the water especially 
escape* later, and thetefore only in the last product could separated 
water be observed, a proof that it is not disengaged in company 
with the aether. 

II. A second series of experiments proved this in a still more 

decided manner, so that there can no longer remain any doubt on 
the subject that aether can be evolved in abundance at the boiling- 
point of water. * 

Seventeen ounces of anhydrous alcohol of specific gravity 0-792 
were mixed cold with 1 8 ounceig of the hydrate of sulphuric acid, 
and the mixture subjected to distillation in a water-bath whoSe 
temperature frequently did not even attain that of boiling water. 
The qu^tities taker! are in th^proportion of single equivalents of 
each of the substances employed ; they were taken in this propor- 
tion, partly because it approaches that which otherwise is employed 
in the preparation of aether ovhen equal parts by weight of alcohol 
and sulphuric acid are employed, and also in order to have no excess 
of sulphuric acid. * 

The results of the experiments are as follows : — 

First product . 3 drachms. 

Second product : 3 ounces C drachms ; spec- gr. 0*755. 

Third product i 3 drachms; spec, gr, 0-74?5. 

Fourth product. ^ 

the first product consisted of nearly pure aether ; for a so- 
lution of acetate of potash separated aether from tlie liquid to the 
amount of two thirds of its volum^. 

The fourth and last products contained free^water, and consisted 
of nearly half*of it by volume ; but it distilled over so slowly in 
the W'ater-bath, that several hours were necessary to obtain a few 
dfj^'hms of it. From the specific gravities ij: will be perceived that 
the ^cond, and especially the thircl product, consisted of a‘ther far 
more pure than is obtained* in other modes of preparing that sub- 
stance. 

III. As the idea is s* general, that icther is formed from a mix- 

ture of alcohol and sulphuric acid only on boiling, and as in the 
usual mode of distilling, hydrated, and not anhycy*ous alcohol is 
employed, a new series of experiments were performed with the 
former, • 

A pound of alcohol of 90° Tralles, such as is usually employed 
in the preparation of aither, was mixed in the cold with a pound of 
the hydrate of sulphuric acid, and the mixture subjected to distil- 
lation in a water-b^th, as in the second series of experiments.* The 
results were : ^ 



On the Wmrif of JEtherifcation^, ! 

* First product : 4 drs. S6 grs. ; spec. gr. 0.83^3. 

Secctul product : S oz. 4 drs. SO grs.; spec. gr. 0.787* 

2%irrf product : 4 ,drs. 50 grs. ; spec, gr, O.789. * 

• Fourth produOL: 5 drs. 17 grs. ; spec. gr. O.789. 

JPV/iA produce . 

The first product consisted almost entirely of alcohol^ as indi-* 
rated by the speciific gravity. The succeeding ones contained much 
aether, or consisted mostly of it. Free water also was evident in 
this case only in the fifth and last product, which consisted ^f one 
drachm of liquid^ of which only one fourth was separated water. 
To distil this small quantity over, it was necessary to heat for more 
than five hours. 

The aether obtained from a mixture of sulphuric acid and al- 
cohol, at the temperature of boiling water, is far more pure, as may 
be anticipated, and es indicated by the specific gravities of the pro- 
ducts, when anhydrous, instead of hydrated, alcohol is employed. 
The iuther obtained from hydrated alcohol in this way contains 
iisore alcohol, because upon* mixing 'hydrated alcohol with sulphuric 
acid, less is converted into sulphovinic acid, and more remains in a 
free state in the mixture, than when absolute alcohol is used. 
According, however, to the theory Hdvanced in this fnembir, only 
that portion of the alcohol can prince tether which lias ^been con- 
vdi^d into sulphovinic acid, and thf^^mtlier distils over when 
heated, in company with the free alcohol. 

The fact that mthcr is produced from a mixture of alcohol and 
sulphuric acid even at the boiling-point of water, is indeed highly 
important in the theory of the ibrmation of aether, and by this 
method th^ ather is also obtained more pure, esp'ecially from water, 
and of 'a far lower specific gravity than when distilled at a boiling 
heat ; . but it is not convenient in the preparation of sether, in so far 
as at this low temperature the -^ther, anef particularly the last pro- 
ducts, pass over with great slowness. 

One fact, however, seems not ^o admit of being quite satisfac- 
torily explained by the present theory.«» Seeing that water^,act%as 
a base upon the oxidb of icthyl, and disengages it from its com- 
binations, it must appear surprising that stronger bases than water 
do not effect this separation still more perfectly. 3ut solutions of 
the Bulphovinate of po&sh and soda may be treated with an eii&ss 
of potash without the oxide of lulhyl being expelled ; and even the 
salts of the alkaline earths can exist in contact with an excess of 
base. ^ 

But there seems to be a differefice in properties between the 
double compound of the, hydrate pf sulphuric acid with the sul- 
phate of the bkide of sethyl and the other sulphovinates. The 
former is far easier dqpomposed by water than the latter ; but this 
fact is by no means without analogy. Water is able to decompose 
many sdts of the oxide of antimony, and displace the latter ftom 
these combinations as a basic salt ; but the combinations of the 
oxide qf antimony with tartaric acid, and other unvplatile organic 
acids, are not decomposed by water. . • 
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Accordiii^f to the earlier method in use, aether was obtained from 
'Si njixture of equal parts, by weight,^ of sulphuric acid and alcohol ; 
but diere fb more alcohol at the commencement than is requisite. 
In the progress of the distillation/ however, the quantity of sulphu- 
ric acid becomes constantly predominating, in proportion as the 
alcohol passes over as lether ; and from the great excess of the 
hydrate of sulphuric acid, the liberated mther is itself decomposed 
by the boiling, which in this case takes place at a high temperature, 
and is 'then first converted into a double compound of the sulphate 
of the oxide of aethyl with sulphate of aetherol (Weinol.); and 
lastly changed by the boiling into olefiant gas, from the presence 
of too great a quantity of the hydrate of sulphuric acid, and from 
too high a temperature. 

This change of aether into oil of wine and olefiant gas, by an 
excess of sulphuric acid and too high a temperature, is not the 
result of a mere deprivation of water, as might be concluded from 
a comparison of the composition of these substances with that of 
aether ; for as soon as the slightest tr^ce of oil of wine is evident 
in the formation of the aether, a corresponding trace of sulphurous 
acid isjclisengaged,\he quantify of which becomes more consider- 
able if olefiant gas is formed. The production of sulphurous acid 
stands therefore in definite connexion with that of the oil of wine 
and olefiant gas. Since tl)e origin of these two bodies takes ^acc 
only at a high temperature, especially that of the olefiant gas, these 
substances undoubtedly owe their origin to a similar action of sul- 
phuric acid on aether, as this acid exerts on other bodies of organic 
origin at high teryperatiires. The sul[)huric acid is coloured black 
by these, at the high temperature, with the evolution o^ sulphurous 
acid and separation of a carbonaceous substance ; the same also 
takes place in the distilljjjion of aether, when continued to the pro- 
duction of oil of wine and olefiant gas. 

The origin of this coaly in.atter, which has recently been ex- 
amined by Erdmann and Los(^, stands therefore in connexion 
A^lth fhal of the sulphurous acid, oil of wine, and olefiant gas ; 
consequently* the formation of this body is *the result of another 
process, which very likely has notliing to do with the formation of 
tl|e ffitlier. • 

^hen therefore aether is prepared froin a mixture of sulphuric 
acid and alcohol at a ver}Plow temperature, it is perfectly free from 
oil of wine ; and, in fact, not a trace of that substance could be 
observed in the first products which where obtained by the above 
distillations, not only in those that were performed in the water- 
bath, but also in those which w^ere caaied on at a gentle heat in 
the sand-bath. Even the last products appearea to be perfectly 
free from it ; but if a considerable quaiititjbof the a'thereal liquid 
was evaporated on blotting paper, a very slight smell of it might 
be discovered, a trace however so insignificant, that individuals not 
well acquainted with the odour of oil of wine could not perceive , 
it. Moreover, ^yken the distillation was at, an end, the |;esidimm 
^ * Poggendorff's Jnnnlrv, vol, xlvii. p. 
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in the retoU. was, it ts true, of a dark colour, but not deep 
80 that it resembled a Inrowtitsb vitriol, such as frequently occurs 
in commerce ; the residue smelt as slightly of sulphurous acid as 
the distilled stfaer did of oil of wine. Not a trace of carbonaceous 
substance *Was separated. The process by which oil of wine is 
produced, commences, therefore, in the mixture prepared for the 
distillation of sether, even at the boiling-point of water, at least 
when this is long cc^tinued ; but even then the formation of this 
body at that temperature is quite trifling in amount ^ 

When aether is distilled from a mixture of sulphuric acid and 
alcohol in the water-bath, we obtain, as is evident from the above 
results, less sether than we might expect from the quantity of alco- 
hol employed, and the residue weighs more in proportion. In the 
last senes of experiments described, in which eether was prepared 
in the water-bath, the residuum, on employing 17 ounces of abso- 
lute alcohol and 18 ounces of sulphuric acid, weighed 27 ounces, 
and the distilled alcohol sether ounces ; the loss consisted partly 
ip the water distilled, the quantity bf which was not determined, in 
volatilized aether, which in this case volatilized the more, as it was 
nearly pure, and also in the loss which, occurs by pouring out. On 
employing one pound of hydrated* alcohol and one pbund of sul- 
phuric acid, the residuum weighed 26 1 ounces, the products 4* 
ou^es and some drachms ; the loss consisted partly in the water 
which passed over, the quantity of which was not accurately deter- 
mined. In both cases therefore, besides water/ eether also remained 
with the sulphuric acid, urdoubtedlv as iseethionic acid, probably 
also in part as aethonic acid. It is very probable that the products 
which present themselves with aether in a distillation when long 
continued and at high teni[)erature, are produced, not by the direct 
decomposition of the aether, but by the decomposition of the 
isicthionic acid, occasioned by the cxces? of sulphuric acid am^a 
high temperature ; such as the precipitated carbonaceous substance, 
the sulphurous acid, oil of wine, •and lastly, the olefiant gas. 

It is well known that the formation of these products isgqper^ly 
avoided in the preparation of aether by the new and piost profitable 
method, in which, as jether passes over, a like quantity of alcohol 
is allowed to flow into the boiling mixture. The action of an excess 
of sulphuric acid on thfe alcohol, or rather on the isaethionic adidj at 
a high temperature, is thus prevented, • 

When formerly the production of sether was sought to be ex- 
plained by the subtraction of the water frqpi it, by means of sul- 
phuric acid, it might with much justice be objected to the present 
explanation, that other bodies, wlych have, like sulphuric acid, a 
great affinity tc^ water, sucli as the hydrate of potash, chloride bf‘ 
calcium, &c., are not ^able to transform alcohol into eether ; but 
this objection now falls .entirely to the ground, as we know that 
the athep is not formed by any subtraction of water, but by the 
decomposition of the sulphovinic acid. 

If tether is regarded as a base, then all the theories on the forma- 
tion of* eether are not c apable of satisfactorily explaining how a base 
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is discharged from a strongly acid diquor, and by a powerful acid. 
It is only by the present explanation, and by the analogy which 
the leparation of cether frpin sulphovinic acid bears to the decom- 
position of several inorganic salts by means of water, and also by 
the above-meptioned analogy of lether with a series of oxides which 
do not, or to a very slight extent, combine with acids, that this 
phenomenon loses its anomalous appearance. 

It seems to me highly desirable in organic chemistry, to illus- 
trate it% processes always as much as possible by analogous pro- 
cesses in inorganic chemistry. The greatest advantages have ac- 
crued to organic chemistry by the endeavours of Berzelius, Liebig, 
and Dumas, who have pursued this path, frequently starting,, it is 
true, from very different views. ^ 

It is certainly advantageous in so imperfect a science as chemis- 
try, and especially organic chemistry, to ascribe provisionally to a 
common force ‘all phsenomena whicli standi isolated, for which no 
suitable analogies can be detected, and which on this account 
appear wonderful, and thus o^fenly to «admit that in the present 
state of science it is better to avoid explaining a process altogether, 
than to, explain it by some artifice or in a constrained manner. 
The smaller the number of ph^omena which we are compelled 
to refer to.this class, the more |ierfect the science becomes. 

Setting out from this pmtft of view, I have ventured to exnwin 
a process in organjc chemistry, which has long, and particularly of 
late j^ears, engaged die attention of chemists, as being analogous to 
several processes in inorganic chemistry ; and if tlie explanation 
should not give general satisfaction, the attempt t(» attain so im- 
portant an object, will, I trust, meet with approbation. 

The present theory is valid, it is true, only for the formation of 
mther from a mixture of alcohol and sulphuric acid ; but quite a 
siv^lar one may undoubtedly be advanced for the formation of 
a?ther from mixtures of phosphoric and arsenic acids with alcohol. 
For the present, however, I leave jt undecided whether the forma- 
tion of •aether, by treating ^rtcohol with fluoboracic gas, as also with 
the chloride pt zinc and other chlorides, is to be explained by a 
mere subtraction of water by these substonces ; or in this way, 
that they form with alcohol, at thajjjgpmmon temperature, combiiia- 
tiofi^analogous to sulphovinic acww which "^re decomposed like it, 
at a high temperature, by •the agency of water. The latter view I 
regard as being the most probable. 

Postscript. 

. In the preceding Memoir I have compared the formation of 
aether from a mixture of sulphuric acid and* alcohol, with the de- 
composition of several inorganic salts by means of water ; 1 have 
endeavoured to show that it is the water which in these cases acts 
the part of a base, and separates the oxide of wthyl or the metallic 
oxide, the latter gfenerally as basic salt- • 
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The inorganic salts vhich I enumerated in this comparisoiii as 
examples, were those of the oxide of bismuth, the oxide of mer-. 
cury, j^nd of antimony. These undergo the said decomposition by 
water even at the common temperature ; either, however, is first 
separated from a mixture of ^sulphuric acid and alcohol, or from 
salphovinic acid, at a high temperature. 

There are, however, among the inorganic weak bases, a consi- 
derable number which are eliminated by water, from their combi- 
nations with acids only at a high temperature ; and the decompo- 
sition of the salts of these bases, bj^ means of water, is . therefore 
still more fit to be compared to the formation of aither. 

To these bases belongs more especially the peroxide of iron, 
which is precipitated by water ^ basic salt from solutions of 
most of its neutral salts at a high temperature. I’he weaker 
the solution of the ^salt of peroxide of iron, the lower is the tem- 
perature which occasions precipitation, and the more completely 
is the peroxide of iron thrown down, so that with a certain dilution 
as M. Scheerer has shown^ scarcely a trace of the peroxide of iron 
remains in solution, but the entire quantity is separated as basic 
salt. As stronger bases are not precipitated by water on boiling, 
this property of the peroxide of iwn has been employed 'to sepa- 
rate it from the oxides of cobalt, nickel, and other metalst. It 
may even be separated, by boiling \}\t solution, fronf alumina, 
wlni^, although it has with regard to its properties much similarity 
to the peroxide of iron, is evidently a stronger l^ase ; this separation 
of alumina from the peroxide of' iron by means of water at a high 
temperature, is of some importance to tlie arts, as in the fabrication 
of alum the peroxide of iron contained in the mether-liquor is pre- 
cipitated mere boiling, and is thus more easy to separate from 
the alumina than the protoxide of iron, although the former, witli 
sulphuric acid, and an alkali, forms an •alum which has quite an 
analogous composition with aluiiiina-aluin ; and, from being ibw- 
inorphous with that alum, could crystallize with it in all proportions. 

Several other bases have the same property as the peroxide of 
iron, which like it belong to the class of weaker bases, aHd afiso 
several substances which act as bases to’vards strofig acids, and 
also as acids towards strong ba^,' and which on that account ^re 
frequently classed among tlie dlls. Among these”are the oxide of 
zirconium, thorina, the peroxide of cerium, peroxid.e of tin, titanic 
acid, tellurous acid, columbic acid ; also in certain respects molyb- 
dic acid, tungstic acid, and vanadic acid. Several combinations of 
these oxides witli acids are soluble in the feold in water, and are 
precipitated from the solution^ on boiling, as oxides or basic salts. 

Several of th^ oxkle*s precipitated in this manner possess, after 
precipitation by boiling, properties which they do not evince before 
their solution in acids ftnd precipitation ; they are more indifferent 
than before, are partly of difficult solution in acids, partly insolu- 
ble, and do not combine after precipitation with tliem, even when 
these are employed in a concentrated state. Titanic acid, peroxide 
of tin, and many others may be classed here. This peculiarity is. 
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m a certain diegree analogous to that of aether, which, when itiias 
heen onde separated by boiling from a mixture contaming sulpho- 
yonui acid, appears not to combine directly with acids. 


LI. — On Galvanic results^ in letters addressed ^to Prof, Sillirnan, Octo- 
ber^, 183S, a7id August 6, 183j),yrom the vicinity of London ; by 
William Stukoeon, Esq. ' • 

• REMARKS RT THE EDITORS. 

A very economical and efficient voltaic arrangement was 
adopted by several members of the London Electrical Society, and 
the report of the construction and performance of the battery, in a 
series of experiments performed at C}a))ham Common in the autumn 
of 1838, is contained iii tlic rcjmrt of Mr. Charles V. Walker, pub- 
lished in the 'fransactions of the London El£?ct»ical Society, in two 
papers dated October 1(>, and November d, 1838. In alliisioirto 
this battery, Mr. Sturgeon observers, in his letten ol‘ October y, 
1838:— " • • , 

“ A voltaic battery has been got u]) (at the expense of two of our 
leading /Tien, whose* names I am not at liberty to mention,) for the 
sole purposf? of investigation. ^I'he battery consists of one hundred 
and sixty porcelain ])int jars, each containing a copper and zinc 
cylinder ; the latter being ^fovennl with stout brown paper, i» in- 
troduced to the .interior of the copper. Jhc exciting fluids are 
solutions of su'phafe of copj>cr and muriate of soda ; the former 
applied to th^ copper cylinders, and the Litter to tlie zinc ones. 
VVlien the jars were in series the flame was upwards of an inch long, 
from a charcoal point, rotated on the poles of a magnet according 
to the principles of electro-magnetism. Davy deflected the electrical 
flame by magnetic influence, but I am not aware that lie rotated it.” 

Sulphuret of lead (gTlena) ivas decomposed, and metallic lead 
obtained. Sulphuret of .antimony was decomposed, and the li- 
berated metal kept in fusion for several minutes. The boiling 
aJ|tim«ny was three inches* long and half an inch w'ide betwreen the 
polar wii’es, exhibited a beautiful spi ctficle, in a channel of 
those dimensions which the action had formed in the native sul- 
pjjuret. W^hei> the electric flarap was directed through the air 
between stout copper polar wires,, the posifive wire becaipe red hot, 
but the negative wire csiild not be made red. The wires were 
made to change poles, still the same thing occurred : nay, even 
tw'o inches of the positive wire, which was completely out of the 
circuit, w^s rendered hot, but no redness appeared on the nega- 
tive wire.’ How exceedingly cu?iioiis and interesting is this last result! 

When the whole battery was formed into •eight groups of 
twenty jars each, and properly connected ^ith an electro-gasom- 
eter, the mixed gases were liberated from water at the rate of one 
cubic inch per seven seconds : and this for many successive minutes, 
although the battery had been in actio'i for seven previous hours ^ 
Without interruption.” 
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Im his kttin* of August 6 , 1839, Mr. Sturgeon proceeds to ob- 
serve, that a good description of the apparatus and experiments 
wHl ba found in the memoir above named, and of which he kindly 
transmitted a copy. But he remarks : there are some particulars 
connected ^itli the discovery of the difference of temperaturct pro- 
duced in the positive a^d negative wires, which want a clearer de- 
scription than any given by Mr. Walker, or, perhaps any which that 
gentleman had then a means of giving ; and, as I 6 nd, from the 
defective information which has been given of this particular dis- 
covery on the continent of Europe, that M, De la Rive and others, 
have failed in reproducing the curious phenomenon, it is possible 
that the American philosophers may also fail from a like cause, 
were the particulars of manipulation not made known to them. I 
will, therefore, for the information of all the readers of your excel- 
lent journal, give a^,brief historical sketch of the whole business.'* 

** The battery consisted of a hundred and sixty white porcelain 
jars, (?ach of the capacity of about two thirds of a pint^and furnished 
with a hollow cylinder of sheet copper, and an interior hollow cy- 
linder of sheet zinc, the latter amalgamated, and in metallic con- 
nexion with the copper of the next pot, &c. The copper and zinc 
of each pot wore separated from each other by a diaphragm of 
brown paper, (a disc, on the centre of which is placed the^centre of 
the J^ase pf the zinc cylinder, and the periphery brought up to the 
upper end of the latter so as to form a bag round the zinc,) which 
separates the solution of sulphate of copper, wliijh'is placed ovlside, 
from the solution of common salt, which is placed inxide of it. 
Hence the copper is \vashed with its sulpbatfj solution, and the zinc 
with the muriate of soda solution. 

One hundred of these metals and pots were fiiniilshed by Mr. 
Gassiot, and the other sixty by Mr. Mason, i’he preparation of a 
battery of this kind and extent is a gre^u labour, as you will U 71 - 
derstand from the following particulars. Mr. Walker commenced 
working at it between eight and nine in the morning ; Mr. Mason 
arrived about eleven in the forenoon, and immediately set tq work 
at it ; Mr. Gassiot commenced shortly afterwards, and, it was not 
ready for experiment till three in the afternoon, about an hour and 
a half after 1 arrived at Mr. Gassiol's house. The plan of dividing 
the battery into groups for the experiments on decompositions'^^ 
formed by Mr. Mason, who is a very skilffd and neat experimenter. 

“ At a preTiouB meeting I was requested to provide a catalogue of experiments, 
which I did; but in consequence of the great length of time occupied in the ex- 
periments on the decomposition of water l\v the vai^Jous fonus of the battery, 
only 3. few of them were attempted. As the decompositions are very well des 
cribed by Mr. Wallrer, il would unnecessary to say anything more’ about them 
in this place. The * were earned on with great exactness in the following man- 
ner. The graduated glass lube of the electro- gasometer being filled ivitb acidu- 
lated water and inverted over the platinum terminals of the instrument, one of 
the polar wires of the buttery was connected with it, and the other kept in the 
hand of the experimenter ready to plunge into the othpr mercurial cup of the 
instrument the moment the word “ time'’ was given, and taken out again when a 
cubic inch of the gases was collected. - ' « 

“With regard to the experiment in wiuca I discwveiicd the gr-eat 
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dtiFerence produced in the two polar wires, it was uii4,ertaken from 
.the views which I had long entertained concerning the non-identity 
of the electric and calorific matter, as you will see I have hinted at, 
at the close of section 1, of my first memoir to the London Elec- 
trical Society. It was late in the evening before I had «ny oppor- 
tunity of jgaaking the experiment. The rest of the party were en- 
gaged in something else at the time, and the battery was in series 
of one hundred and sixty pairs. I brought the tip ends of the polar 
wires (copper wire one tenth of an inch diameter) into contact, 
end to* end, then withdrew them gently and very gradually from 
each other, keeping the flame in full play between them till they 
were separated about one-fourth of an inch. In a few minutes the 
positive wire got red hot for half an inch, but the negative 
wire never became red. I repeated this several times, in order to 
be convinced of the fact. I next laid the wires across one another, 
and brought them into contact about an inch from the extremities, 
and separated them as before. In a short time the whole of 
that part of the* positive wire from the point of crossing to the extre- 
mity, became very red hot, but the negative end never got even to*a 
dull redness. It was qcrtainly very hot, but never higher than a black 
heat. I* next increased the length of the ends of the wires exterior to 
the circuit ; and eventually heated two inches of tlie positive ware 
to bright Vedness ; but nef sych heat took place on the other -^ire 
Thys satisfying myself that I was not mistaken, I called Mr. 
Mason to come and look at it: and after satisfying that gentle- 
man by an experiment or two, we called Mr. Gassiot and Mr. 
Walker to come and witness the novel phenomenon. We now 
changed the places of the polar wires, making that positive which 
before had been negative, &c. Still the positive wire showed 
the same fact. You will easily understand that 1 experienced a 
great degree of pleasure#at the appearance of this beautiful fact, 
wfiich seemed to demonstrate the justness of the hypothesis I had 
so long formed. No two bodies can he in the same place at the 
safne time, is an old axioiy in pfiilosophy. Hence the blacksmith 
is\naBled to heat his iron rod or nail, by compressing the calorific 
matter ; the Blows of his hammer forcing it from the cavities into 
the particles of the metal. Thus, also, the electric fluid forces the 
ceAqiific matter from its natural lodgings in the conductor, and 
drives it on even to beyond the electrical stream, to take refuge, in 
a compressed form, in the extremity of the positive wire. Nothing 
can be more simple to explain ; nor do I know of an experiment 
that tends more to support the doctrine of one species of dertric 
matter only ; and that it runs through the voltaic conducting wires, 

, firom the positive to the negative pole. * • 

‘'To produce the phenomenon I have been describing, requires 
an extensive series of pairs ; certainly not less than one hundred 
and twenty, but two hundred would answer much better, as much 
depends upon the play of the fluid between the wires ; and 1 think 
that the battery is quite as well when not highly charged. I have * 
mentioned one hundred and twenty as the shortest to insuresuccess, 
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although it 18 possible that one hundred might show the fact.** 

The following remarks^ in answer to inquiries made of Mr. Stiir-^' 
geon as to his views regarding the best forms of galvanic batteties; 
are worth preservings as the conclusions of so experienced an expe- 
rimenter^ Aid the more so as they coincide generally with the views 
of Dr. Hare^ and of other distinguished men in this country. — Eds. 

Form and size of Galvanic Batteries. 

**With respect to galvanic batteries, we can never expect to find 
one which will exhibit every class of phenomena to the best^dvan- 
tage. The pile, with moistened card board in pure water, or a well 
constructed Cruikshank, charged with water, answers best for 
charging Leyden jars, deflections of pith balls, &c. And the more 
extensive tlie. series the better. I’he siae of the plates has also 
much to do in this *business. A single pair of plates, charged 
with dilute nitrous acid, answers best for most electro-magnetic 
experiments, f'or a display of brilliant calorific phenomena, the 
burning of chgrcoal, deflagration of laminated metals, &c, a 
series of not less than a hAindred 'pairs answers better than any 
smaller series. . Here again, the size of the plates should never be less 
than four inches square. Six inch plates answer much better, and two 
humlred better than one hundred, L<c. And these maj* be either of 
the Cruikshank form, or of any other, observing that the action with 
the. former 4s of much shorter duration *than with the Wollaston 
form, and shorter with the Wollaston than with the battery bdfbre 
described. 

Then again, for heating of thick wires, a serieF of ten or less, 
of large plales, are better than more extensive series. 

‘‘ For chemical decompositions, there is, perhaps, no battery 
known so* well adapted for them as the jars whicH I have de- 
scribed. Their sustaining power is a groat recommendation. The 
extent of series will necessarily vary wi^i the* nature of the com- 
pound operated on. We have found that a series of twelve jars 
gives a sufficient intensity for the decomposition of acidulated 
water, (water ^10, sulphuric acid 1, or even much less.) Twenty- 
four jars in a double* series of twelve, give about tyice as much 
gas as a single series of twelve, flut twenty-four jars in a single 
series do not give so much gas as when they form a double se- 
ries of twelve. Againf thirty-six jars in one series, do not give 
so much gas as when they are formed into a treble series of 
twelve. Hence a series of twelve of these jars seems to be about 
the best U7iif of intensitif for acidulated wat^r. Other compounds 
will require other units of intemity fb produce maximum effects — 
and other batteries will require different extent of series to pro* 
duce the same unit of intensity as niat produced by the jars/*-^- 
Letter to Prof StUiman. — (From Silliman's JournaU) 
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A^SOCtiiTION PROCEEDINGS 
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G?!9EaAL MEETING.^THtmsDAY, September 24. : 

In c&i$6i|uence of the absence of the Hev. Vernon Harcourt, the 
IPrejs^detutof the i)ast year> the Marquis of Northampton took the 
chair* , He lamented the unavoidable absence of Mr. Harcourt, who 
had taken so acitive a share in the formation of the Society, and had 
been one of its most zealous supporters. He congratulated the 
Association on assembling in a city equally reQiarkable for its ex* 
tensive commerce and great manufacturing industry, and the aeit 
of an ancient university, which had rendered eminent service to the 
united cause of literature, science, and •humanity. Glasgow, the 
native town of Watt, had taken the lead in the piaetical applicatira 
of steam as a moving power, and the animating display of steamers 
on the Clyde united the triumphs of art to the most romantic scenery 
of nature. He felt great pleasure in introducing their new Presi- 
dent, the^Marquis of Brdadalbane ; and, after a brief referen^ to 
tile services which the Association had rendered to science, he re- 
signed the chair. ^ • 

The Marqui^ of Breadalbane, on taking the chair, stated his sense 
of the honour conferred on him, and observed, that it was unthought 
of, and unlooked Air on his part ; and he was afraid he had no claim 
to it, save that of one who had a firm conviction of the ifast import- 
ance and value of science, and an earnest wish to support its best 
interests by every meaner in his power. It was unnecessary, he 
ot^erved, in such a meeting, composed as it was of some of the 
greatest ornaments of our own cquntry, and many of the highest 
clmracter in science in foreign countries, to dilate on that bond of 
umbn which it presented for promoting the«great object — the in- 
vestigation of*truth. The British Association had conferred great 
and valuable bepehts upon the nation, and even the world at large; 
Ha adverted to the propriety of such a meeting being held in Glas- 
gow, a city combining in jtself more perhaps than any other in the 
empire, tlie elements of national wealth — commerce and manufac- 
tures. He then calleJ^on Mr. Murchison to read — 

The Address of the General Secreiarieie. 

• * M 

In entering upon the duty assigned to us, we heartily congratu- 
late our associates on this ou^ secmid assembly in Scotland. As on 
our ftrai visit, we were sustained by the intellectual force of the 
metropoHs^of this kingdjoin,' so now, by visiting the chief mart of 
Sc(^^ commerce, and an ancient seat of learning, we hope to 
doulde the numbers of our northerti atixiliaries, • 

2Y 
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of ihb by a nc^ 

ing not the^di»ire try 1^ win^ may be luted jm ^ 

chieftain wbo^ Ipro^mi^ that knoieledge J^:pow^^:/ie!pj^ to 
'place himtifif at lhe;ltoid?irf.the ckns;of 8denee*<v. 

If such |»e ottr chi^j iv^lat isou^ gm^f ^ }M^ jth¥0a|h 
tW4t^iiabry and genius of ha* sons^ to a pinnaele of oarntnewal 
grabdenri ato this city estimate hei^ obligations, to science ! 
flappUy as she is placed^ and surrounded as she is by earih^f^i^eat 
gi £&9 she feels how much her progress depends upon an ac^uaint^ 
mice with the true structure of the rich deposits which farm her 
subsoil i and, great as they are, she clearly sees that her mannike- 
tures may at a moment take a new flight by new mechanical 
discoveries^ For she it is, you all know, who nurtured the man 
whose genius has changed the tide of human interests, by calling 
into active energy a power which (as wielded by him), in abridging 
time and space, has doubled tlie value of human life, and has estab- 
lished for his memory a lastyig claim-on the gratitude of the civilized 
world. The names of Watt and Glasgow are united in imperishable 
records ! t . . 

In such a city then, surrounded such recollections^- encouraged 
by an ullustrious and time-honoured University, and fostered by 
the /mcient leaders of the people, ma^ we not augur that this 
meeting of the British Association shall ^ival the most useful of our 
previous assemblies, and exhibit undoubted proofs of the increasing 
prosperity of the British Association ? , 

Not attempting an analysis of the general advance of science in 
the year that has passed since our meeting at Birmingham, we shall 
restrict ourSelves, on the present occasion, to a brief re/iew of what 
Uie British Association has directly effected in that interval of time, 
as recorded in the last published volume of our Transaction's. 
From this straight path of our duty we shall only deviate m 
oflering a few general remarks 9 n subjects intimately connected 
witli the well being and dignity of our Institution. ^ ^ 

One of the most important— perhaps the most important service 
to science— which it is the peculiar duty of the Association to 
confer, is that which arises from its relation to the, Goveniraent — 
the right which it claimr to make known the wants of scicncc,Qa^d 
to demand for them that aid which it is beyond the power of any 
scientiflc body to bestow. In the fblfilment of this important and 
responsible duty, the Association has coiidpued to act upon the 
principle already laid down in the Address of the General Secre- 
taries at the Meeting at Newcastle in 1838, namely, to seek the aid 
of Government «>In no case of doubti'ul or minor importance ; and 
to seek it only when the resources of individuals, or of individual 
bodies, shall have proVed unequal to the demand. The caution 
which it has oteerved in this respect has been eminently c&played 
in the. part which it has taken with reference to the Anti^ie/ex- 
* pedition, and to (he fixed Magnetical Observatories. It alMmned 
from recommen^ng tlie former to the Government until it had 
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callM and obtained from Major Sabine^ by ivhom the imp'ort- 
an^ of Audi an expedition -was first urged^ a report in which tliat 
was placed beyond all doubt ; and it withheld from 
urging the latter^ although its necessity was fully felt by some of 
its own members, until the letter of Baron Humboldt td the Duke 
of SuSi^x gave authority^ and force to its recommendation. 

The delay which has in consequence occurred, has been pro- 
ductive 0£ signal benefit to each branch of this great twofold 
undertaking. , Since the time alluded to, our view of the objects of 
investigatimi in terrestrial magnetism have been greatly enlarged, 
at the same time that they have become more distinct. Major 
Sabine’s memoir on the Intensity of Terrestrial Magnetism, has 
seized to point out the most interesting portion of the surface of 
the globe as respects the distribution of the magnetic force, and 
has indicated, in the clearest manner, whaA still remained for 
observation to perform : and the beautiful theory of M. Gauss, 
which has becm partly built upon the data afforded by the same 
memoir, while it has assigned *the most probable configuration o€ 
the magnetic lines of declination, inclination, and intensity, has 
done the same service with respect to all the three elements. 

In another point of view, affeo, delay has proved of great value 
to both ly*anches of the undertaking, but more especially to the 
fixed observatories. Our vneans of instrumental research ]j)ave, 
since the time of their first*pr ejection, received great improvements, 
as well in their aclocpiacy to the objects of inquiry, as in their pre- 
cision ,' and finally, the two great lines of inquiry — the research of 
the distribution of terrestrial magnetism on the earth’s surface, and 
the investigation Of its variations, secular, periodic, and irregular,— 
have been permitted to proceed pari passu, * 

Last of all, the prudent caution, and vigilant care, -which the 
great scientific bodiet have exhibited, both in the origin ami 
progress of the undertaking, have naturally inspired the govern- 
ment with confidence ; and whi]^ on tlic one hand science has not 
h<^ita^ed to demand of the country all that was requisite to give 
completeness^to a great design, so on the otlier, the government of 
the country has not hesitated to yield, with a liberal and un- 
sparing hand, gvery request the importance of w^hich was so well 
gfiavanteed. • 

But, while we thus enumerate the benefits which have resulted 
to magnetical science from the delay, it must be also acknowledged 
that something has be^ii lost also, not to science, but to British 
glory. Although terrestrial Magnetism stood forward as the pro- 
minent object of the Antarctic expedition, yet it was also destined 
advance our knowledge or the physique di^globC)* in all its 
branches, and especially in that of geography. Had the jirojeci 
of an Antarctic expedition been acceded to when it was first pro- 
posed,;vi2., at the meeting of the British Association in Dublin, in 
1 835, there can be no reasonable doubt, that a discovery, which, 
by ita extent, may almost be designated a Southern Continetit, * 
situated in the region to which its efforts were to Ifkve been 
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England opee more die £ret to wave :Over an lanknewn litad. • 
But wl^ile, as Britons^ we mourn over the loss of 4 ^ae^Mch it 
well became Britam and Britisk seam^ to have nn^ their own, 
it is our part too as Britons, as well as men of sctenee, to hail the 
great discovei^-7-one of the very few g]!eat geogra|d)icaldisGih?<ries 
which remain^ unmade ; — and to congratulate Apse by whom it 
has been achieved, those whom we are proud to acknowledge as 
fellow-labourers, and who have proved themselves in this ii^atice 
our successful rivals in an honourable and generous emulation* ^ 

The caution which has characterized the British Association in 
the origination of this great undertaking, has been ibllowed up by 
the ^yal Society in the manner in which it has planned the details, 
and in the vigilant care with which it lias watched over the eicecu- 
tion* Of the success which lias attended this portion of the work, 
the strongest proof has been already given in the unhesitating 
adoption of the wme scheme of observation by many of the conti- 
nental observers/ and in the wide extension which it has already 
received in other quarters of the globe. All that yet remains is to 
provide for the speedy publication of the results. The enormous 
mass of observations which will be* gathered in, in the course of 
three years, by the Observatories established under British auspices, 
and ^y the Antarctic expedition, will render this part of the * task 
one of great expense and labour. To iheet the former, we must 
again look to the Government, and to the East India Company, 
who will ceiti'iinly not fail to present the result of their munificenee 
to the world in an accessible form. The latter can only be over- 
come by a well organized system. The planning of this system 
will, of course, be one of the first duties of the Royal Society ; and 
it is important that it should be so arranged, that while every 
facility in the way of reduction may be given to those who sh^}! 
hereafter engage in the theoretical discussion of the observations^ 
care is taken at the same time tlift the data are presented entire,, 
without mutilation or abridgment. I’be Council of the Royal 
Society will, doubtless, be greatly assisted in tliis duty l)y tne 
eminent individual who has had in every way so large a share in 
the formation of these widely scattered magnetic .establishments, 
and whose own Observalory, founded by tlie munificence ofathe 
Dublin University, has nearly completed twelve months* magnetic 
observations on tliat enlarged and complete system of which it set 
the first example. 

In referring, as we have done, to those most valuable services 
which the Royal Society have rendered, and are continuing to 
render, in directikg and sfiperintenefing the details of this greats 
undertaking in both its branches, it is .riglu that, mi the part of the 
British Association, we ^should express the cordial, satis&ction and 
deUgbt with which we witness their exertions, united with ottr 
iu thia commw cause ; nor should we omit to reco^ke howvmii^h 
this desirable concurrence has been promoted by the infiuence of 
the noble President of the Royal Society, the Warquis of Iftwfe 
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tbt6»pbm^ .whom> as on bo mui j ^rmer occasions^ me have* tho 
• ploasiive ^ seeing atnongsi us, as one of our wanne$t supporten^ 
active members. ^ * 

volume of oar Trattsaetions now under notice^ is con- 
tained the memorial presented to iLord Melbourne hf the Com- 
mittee of the British AssoGiation, appointed to represent to her 
Majesty's Gov^tnent the recommendation of the Association on 
the sulyeet of terrestrial magnetism. This memorial is one of many 
services which have been rendered to our cause, by Sir John 
Hersc&j, whose name, whose influence, and whose exertions, since 
our meeting two years since at Newcastle, have largely contributed 
to place the subject where it now stands. The devoted labour of 
oth^ of our members has long been given to an object which they 
have had deeply at heart, viz. the advancement of the science of 
terrestrial magnetism ; but the sacrifice which Sir John Herschel 
has made of time, diverted from the great work in which his ardent 
love of astronomy, his own personal fame, and his fatlier's memory, 
are all deeply concerned, the more urgently demands from our jus- 
tice a grateful mention, — because the science of magnetism had no 
claim on him, beyond the interest felt in every branch of science, 
by one to whom no part of its ^ide field is strange, and tlie regard 
which a national undertaking such as this deserved, from the per- 
son who occupies his disringuished station amongst the lead^^s of 
British science. * 

The advancement of human knowledge, which may be reckoned 
upon as the ceitain consequence of the Antarctic expedition (should 
Providence crown it with success), and of the arrangements con- 
nected with it, is \)f so extensive a nature, and of such incalculable 
importance, that no juster title to real and lasting glory'^than it may 
be expected to confer, has been earned by any country, at any 
p^iod of time ; nothing has ever been attempted by England more 
worthy of the place which slie occupies in the scale of nations. 
When mucli which now appears,of magnitude in the eyes of poli- 
tidans has passed into insignificance, the fruits of this undertaking 
» wwl distinguish the era which gave it birth, •^nd, engraved on the 
durable records of science, will for ever reflect honour on the scien- 
tific bodies whi^h planned and promoted it, and on the Government, 
whioh, with so much liberality, has carried it into effect. 

Were the value of thia association, gentlemen, to be measured 
only by the part which it has taken in suggesting and urging this 
one object, there roigjit here be enough to satisfy the doubts of 
those who question its utility*: to overlook such acts as these, and 
the power of public usefulness which they indicate, to scrutinize 
y-*with microscopic view the minute defects inciden&l to every nu- 
merous assemblage of men, to watch with critical fastidiousness the 
taste of wery word which might be uttered ty individuals amongst 
us,^ in^ad €4' casting a master's eye over the work which has been 
doi^. and is doing, at our meetings, is no mark of snperioi discern- ^ 
ment and compreliensive wisdom, but is evidence rather of con- 
finement to narrow views, and an indulgence of vain anrf ignoble 
passions. 
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But to proceed with our useful efforts* One of the principal 
objects nf our Annual volumes is the publication in the piO£^ au- • 
thentic.form of the results of special researches, undertake by*the 
request, and prosecuted iii many instances at the cost, of the Asso- 
ciation. Itfis a trite remark, that ii* a man of talent has but fair 
play, he will soon secure to himself his due place in public estima- 
tion. We fully admit the truth of this in many instances, and 
above all where the points of research are connected with commerce 
and the useful arts ; but many also are the subtile threads of know- 
ledge, which, destined at some future day to be woven i&to the 
great *web in which all the sciences are knit together, are yet not 
appreciable to the vulgar eye, and, if simply submitted to public 
judgment, would too often meet with silent neglect. Number- 
less, we say, are the subjects (and if your Association exceeds 
a centenary, still mpre numerous will they be) with which die 
retired and skilful man may wish to grapple, and still be de- 
terred by his want of opportunity or of means. Then is it that, 
adopting the well-balanced .recommendations of the men in whose 
ca{)aCLty and rectitude you confide, you step forward with your aid, 
and bring about these recondite researches, the* result of which in 
the volume under our notice we now proceed to consider. 

The first of these inquiries to which we advert, you called for at 
the l^ands of Prof. Owen, upon British Fossil ReptilesV* one of 
the branches of Natural History, on a correct knowledge of which 
the developement of Geology is intimately dependent. 

'J'he merits of the author selected for this inquiry are now 
widely recognized, and he has, willi justice, been approved as. the 
worthy successor of John Hunter, that illustrious Scotchman who 
laid the foundation of comparative anatomy in the British isles. 
That this science is now taking a fresh spring, would, we are per- 
suaded. be the opinion of Cuvier himseh>conld that eminent rr^n 
view the progress which our young countryman is making towaras 
the completion of the temple of ^whidi the French naturalist was 
the great architect. It is therefore a plesising reflection, that when 
we solicited Professor ^w^en to work out this subject, we did'imt 
follow in the wake of Europe’s praise, but led the Vay (as this 
Association ought always to do), in drawing forth thp man of genius 
and of worth ; and the of our choice has been since stampfd 
by the apf>roval of the French Institute. » 

If Englishmen^ first perceived something of the natural affinities 
of Falasosaurians, it was reserved for Cuvier to complete all such 
preliminary labour. The publication •of his splendid chapters on 
the Osteology of the crocodile and other reptiles, drew new atten- 
tiem and more ihtelligcnt krutiny tS tliese remains ; and it ough%>^^ 
to l>e a subject of' honest pride to us to reflect that the most interest- 
ing fruits oi the rese&ches of that great anatomist were early 
gathered by the English palaeontologists, Clift and Home. One of 
our leaders, whose report on Geology ornaments the volumes of this 
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AjS(bt>dlatbn, formed the genius Plesiosaurus, on an enlarged ^iew 
' of the relalaon subsisting betMreen the ancient and modem forms of 
reptile life ; while shortly after Buckland established the* genus 
Megalosaurus, and Mantell, Iguanodm and liylmosanrus, worthy 
rivals of the Geo Sauri and Moso Sauri of Cuvier. ^ The other 
Englishmen who have best toiled in the held, are De la Beche, 
Hawkins^ and Sir Philip Egerton. 

Yet although this report is on Briitsh reptiles, we are fully alive 
to the great progress which this department has made, and Is 
making, on the Continent, through the labours of Count M iinster, 
Jager, and Hermann Von Meyer. The last-mentioned naturalist 
has been for some time preparing a series of exquisite drawings of 
very many forms unknown to us in England, most of which have 
been detected in the Muschelkalk, a formation not hitherto dis- 
covered in the British isles. Yet despite of all that had been ac- 
complished in'our own country or elsewhere. Professor Owen has 
thrown a new light of classification on this subject, founded on 
many newly-discovered peculiarities of, osseous structure, and has 
vastly augmented our acquaintance with new forms, by describing 
sixteen species of Plesiosauri, three of which only had been recog- 
nizably 'described by other wri^rs ; and ten species of Ickthi/osauri, 
five of v^ich are new to science. Such results were not to be 
obtained without much fabour ; and previous to drawing ujj his 
report, Professor Owen liad visited the principal depositaries of 
Enalmauri described by foreign writers, as well as most of the 
public and private collections of Britain. This, the first part of 
Mr..Owen's report, concludes with a general review of the geolo- 
gical relations and extent of the strata through which he has traced 
the remains lof British Enaliosauri. I'he materials which he has 
collected for the second and concluding portion of his report, on 
tli|g terrestrial and crocodilean sauria, the Clielonia, Ophidian, and 
Batrachian reptiles, are equally numerous, and the results of these 
researches will be laid before the Association at our next meeting. 
Deeply impressed as we are with the vfdue of this report, we can- 
nw: conclude a notice of it without again allviding to its origin, in 
the words of Professor Owen himself: “I could not/' says he, 
“have ventured to have proposed to myself the British Fossil 
R*cptilia as a subject of continuous and sys^matic research, without 
the aid and encouragement which the British Association has liber- 
ally granted to me foi* that purpose.” 

Mr. Edward Forbe^ whose labours in detecting the difference of 
species and varieties among’ the existing marine testacea of our 
shores have been most praiseworthy, has on this occasion given us 

report On the Pulmoniferous Molliisca of thfc British Isles.” 
The variations in the distribution of the ^ecies in this class of 
animals, are shown by him to depend both upon climate and upon 
soil, the structure of the country (or geological conditions) having 
quite as much share in such varied distribution as the greatest 
^versity of temperature. The Association has to thank the author 
for valuable tables, which show both the distribution of th^ pulmo- 
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nifietous molusca in our islands^ and their relattonfi to those 
£ur«^ generally. 

From zoological researches let us now turn to physical geology. 
One of the most interesting fruits of modem experimental research^ 
is the knowledge of the fai^, that electrical currents are in continual 
circulation below the surface of fric earth. Whether these currents^ 
so powerful in developing magnetical and chemical phenomena, are 
confined to mineral veins and particular arrangements of metal and 
rock, or generally capable of detection by refined apparatus well 
applied, appeared a question of sufficient importance to deserve at 
least a trid on the part of the Association. Our present volume 
records the result of such a trial on the ancient and very regularly 
stratified rocks of Cumberland, consisting of limestcme, sandstone, 
shale, and coal, so superimposed in many repetitions as to resemble 
not a little tlie com 09011 arrangement of a voltdc pile. Varied ex-* 
periments, wi^ a galvanometer of considei*able delicacy, failed to 
detect, in these seemingly favourable circumstances, any electrical 
current. 

^rhe extensive and rapidly increasing applications of iron to public 
and private structures of all kinds in which durability of material is 
a first requisite, have made it highfy desirable to possess accurate 
information respecting the nature of the chemical forces w^ich effect 
the destruction of this hard and apparently intractable metal. The 
preservation of iron from oxidation and corrosion, is indeed an ob- 
ject of* paramount importance in civil engineering. ' The Association 
was therefore anxious to direct inquiry to this subject, and gladly 
availed itself of the assistance of Mr. Mallet, a gentleman pec^iarly 
qualified for such investigations, both from his knowledge as a 
chemist, and from his opportuities of observation as a practical en- 
gineer. An extensive series of experiments has accordingly been 
instituted by him, with the support of th<fAssociation, on the act^ 
of sea and river water, in different circutnstances as to purity and 
temperature, upon a large number of specimens of l>oth cast and 
wrought iron of different kinds. These experiments are still ^ 
gress, and the effects are observed from time to time. They Will 
afford valuable data for the engineer, and form the principal object 
of the enquiry, but a pt^riod of a few years will be required for its 
completion. In the meantime, Mr. Mallet has furnished a repoK im 
the present state of our knowledge of the eubject, drawn from vari- 
ous published sources, and from his own extensive observations. 
In this report he examines very fully the general conditioiiB of the 
oxidation of iron, and how this operation is greatly promoted, al- 
though modified in its results, by sea-water; also in what manner 
the tendency to £'orrosion is affected by the compositic^, the grainf ^ 
porosity, and other mq^anical properties of the different commer- 
cial varieties of iron. The influence of minute quantities of other 
metals, in imparting durability to iron, is also constderecL Mr* 
Mallet devotes much att^tion to the consequences of the gthvssmc 
' association of different metals with iron, a subject of recent intmssfe 
from the applications of zinc and other metals to fWoteet iron, which 
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EUte ot plpesiSDt agitated. He concludes this, his first Report, by re- 
-conitnending a series of enquiries, ten in number, which will supply 
the tleeiderata immediately required by the engineer and t>y the 
chemist. ^ ‘ 

We have Tiext to notice a report by Professor Powell, " On the 
present state of our knowledge of Refractive Indices for the standard 
rays of the solar spectrum in (HflPerent media.” The difficulty which 
the iaet of the dispersion of light has offered to the universal ap- 
plication of the undulatory theory, has been in a great measure 
removed by the analysis of Cauchy and others, who have considered 
tile distances of the undulatory particles as quantities comparable 
to the length of' a wave. Velocities of propagation of* the different 
rays of the spectrum, are made to depend u][>on the length of wave 
which constitutes a ray of a given colour, and upon certain constants 
proper to the medium, "f'liese constants being«obtained from ob- 
servations oti refractive indices for certain definite rays (or dark lines) 
of tlie spectrurn, the refrangibility of any other definite ray (whose 
wave-length has been ascertained by examining an interfercncft* 
spectrum), becomes known, and may be compared wdth observation 
as a test of theory ; such experiments have been made by Fraiien- 
hofer, Rudbdl'g, and Professor l^w(‘ll, who has given a tabular view 
of^ie varipus results, without, however, instituting the comparsion 
be^ecn theory and observ{^t#on, which it would be desirable to^fex- 
teiid further than has yet been dene. It would be important also 
to elucidate the distTirbing effect of temperature, which prevents 
even existing olsservatioiis from being rigorously comparable. 

The calculations respecting the tides, which liave been prose- 
cuted by the aid oT the Association ever since its institution, have 
been continued this year by Mr. Runt, under the direction of Mr. 
Whewcll. '1 hese calculations have now reached such a point, that 
the jpnathematician, insteaeP of being, as at the beginning of this 
period, content with the first rude approximations, is now strug- 
gling to obtain the last degree of accuracy. 

''rte qountry in which We are now assembled has always been 
•conspicuous for attention to meteorologj^, a*branch of physical 
science in whicli the Hritish Association, with its power of com- 
bining the effortsrfif many observers in distant quarters of the globe, 
riiay^ Ifope to be especially useful. • 

In Scotland, Leslie opened a new train of inquiry, by examining 
tlie earth's temperature at different depths ; and Iiis successor in the 
University of Edinbur^i is now directing, at the request of the 
Association, a large and com|)letc course of experiments on that 
interesting subject. Framed in^nR>rniity with the plans adojpted 
^ similar objects by Arago and Quetelet, these researches of 
Professor Forbes contain also the means of determining the power 
of conducting heat, which difl^rent sorts of rock possess ; and may 
thus throw light on some of those peculiarities in the distribution of 
temperature at greater depths below the surface, which have be- 
come known by experience, but are not explained by theory. 
Inl^tland, Sir 4)avid Brewster was i)ic first to obtain an hourly 
• 2 Z 
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metieorologic&l journarfor a series of years, and to draw from that 
fertile source new and important deductions, which have hM a’ 
powerful influence on the progress of scientific meteorology. How 
gratif 3 ring receive, through the same hands, after a lapse of nearly 
fifteen years, an additional contribution of the same kind, and from 
the same country ; but embracing new conditions, on a new line of ^ 
operations, in order to obtain new results. By the observations 
now in progress at Inverness, and at Kingussie, the influence of 
elevation in modifying the laws which have been found to ^govern 
the hourly distribution of heat near the level of the sea, may be 
discovered, and thus a great addition be made to the experimental 
results, for which science has long been grateful to the distin- 
guished philosopher wc have named, and which have been de- 
scribed as of the highest value to meteorology, and as tlie only 
channel through ■which any specific practical information can be 
obtained in this most interesting department of phyiSics/' 

This is no ordinary praise. It is the just tribute .of one who is 
worthy to offer it ; one, vdio at the call of the British Association, 
has conducted at Plymouth a still more extensive series of similar 
observations, and has added to them hourly comparisons of the 
temperature and moisture of the air, and an hourly record of baro- 
metric oscillations. Mr. Snow Harris h^s presented in aifew pages 
of <iour last report the precious resists of 70,000 observations, 
and thus rendered them immediately available ip the foundations 
of accurate meteorology. The documents thifs patiently collected 
are, however, not yet exhausted in value ; they may be again and 
again called into the court o1‘ science, and made to yield testimony 
to other, and as yet, unsuspected truths. They must not be lost. 
Shall we lay them by in manuscript among other unconsulted 
records of the past labours of men, or by undertaking their publi- 
cation, do justice to our workmen, and establish a new claim or the 
imitation of the present, and the gratitude of future days ? This 

S uestion is of serious import. Already, stimulated by success ii]|^ 
lermometric registration, we have set to work on a more perplex- 
ing problem ; we haVe resolved to bind even the W'^pdering winds ' 
in the magic of numbers. While we speak, the beautiful engines 
of our Whewells and Osiers are tracing at every instant of time the 
displacements of the Atmosphere at Cambridge, at Plymouth, at 
Birmingham, in Edinburgh, in Canada, Mn St. Helena, and at the 
Cape of Good Hope ; and, ere long, we may hope to view, asso- 
ciated in one diagram, the simultaneous movements of the air over 
Europe, America, Africa, India, and Australia, recorded with in- 
struments which we ha^e ehosen« by men whom we have set t6 
work. 

Amongst the causei which tend to retard the progress of science, 
few, perhaps, operate more widely than the impediment to a free 
and rapid communication of thought and of experiments, occasioned 
by difference of language. It appeared to the British Assodation 
that th^is impediment might, in some degree, be removed, as far as 
regards our own country, by procuring, and causing to pub- 
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lishecl^ translations of foreign scientific memoirs judiciously selected. 
■Accordingly^ at each of the meetings at Newcastle and Birming- 
hamV a grant of 100/. was placed at the disposal of a committee 
appointed to carry this purpose into effect. Aided by the contri- 
butions of several translations which have been gratuitously pre- 
sented to them, the committee have been enabled, in the two last 
years, to publish fourteen memoirs on subjects of prominent inte- 
rest and importance in the mathematical and physical sciences, 
bearing^the names of some of the most eminent of the continental 
philosophers. 

Such, gentlemen, is an imperfect review of our recent proceed- 
ings. In two essential respects the British Association differs from 
all the annual scientific meetings of the Contiment, no one of which 
has printed Transactions or employed money in aiding special 
researches. We also differ from them in the con^nunications wliich, 
in the name di' the representatives of science, assembled from all 
parts of the United Kingdom, we feel ourselves authorized to make 
from time to time to the Govefhment on subjects connected with 
the scientific character of the nation. On our first visit to Scotland, 
for example, we felt it to be an opprobrium that this enlightened 
kingdom shfiuld, in one essenfial feature of civilization, be still 
behind m^y of the continental states, and we prepared an address 
to his late Majesty's Government, urging strongly the necessiy^ of 
the construction, without delay, of ^ a map of Scotland, founded on 
the trigonometrical* survey. Representations to the same effect 
have since beei^ made by the Royal Society of Edinburgh, and by 
the Highland Society, and the subject has now engaged that atten- 
tion which will, We trust, soon procure for this country the first 
sheets of a lafge and complete map. * 

If, then, it be asked why are the men of liighest station happy 
to ^sociate and mingle Wth us in official duties ^ Why have the 
heads of the noble houses of Fitzwilliain, Lansdowne,* Northamp- 
ton, Burlington, Northumberland* and Breada^banc, alternated in 
pr^idipg over us, with out Bucklands, our Sedgwicks, our Bris- 
ba^s, our Ligyds, and our Harcourts ? Why, indeed, on this very 
occasion has Argyll himself, overlooking the claims due to his high 
position, and hi» ancient lineage, come forward to act with us, and 
evdh^o serve in a subordinate office May we not reply, that it 
is, we believe, a conseqtmnce of the just appreciation on the part 
of these patriotic and enlightened noblemen, of the beneficial influ- 
ences which this Assogiation exercises in so many ways on the 
sources of the nation's power *and honour. 

If we have hitherto dwelt alpiost exclqsively on the value of our 
r*ti^nsactions, researches, recommendations, and the |^ood application 
of our finances, let it not, however, be supposed, that 've are not 
also fully alive to the advantages which flow from the social inter^ 


* The Marquis of L.ansdownp, wLo had iiocopted tlu’ ofluc, Tvas prevented 
from attend! hji; by top doTOcstu’ affliFtipp, 'Piid the <’•' No^hainpton 

rheerfttlly supplied place. 
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course of these meetings, by bringing together, into friendly 
Comtnunion> from distant parts, those who are struggling on (often ' 
remote and unassisted) in advancing experimental science. * If, 
indeed, this principle of union (which we are proud to have bor- 
rowed froni our German brethren,) has been hitherto found to work 
so well amongst our own countrymen, we cannot but doubly recog- 
nize its value when we see assembled so many distinguished persons 
from foreign countries. Tn the presence of these eminent men, 
we forbear to allude to individual distinctions, conscious ^at any 
brief attempt of our own would foil far short of a true estimate of 
merits, the higli order of which is indeed known to every cultiva- 
tor of science in Britain. Well, however, may we rejoice in having 
draw'll such spirits to our Isle ; valuable, we trust, will be the 
comparisons we shall be enabled to make betw'ecn the steps which 
the different science^ are making in their countries and in our own. 

That advantages, indeed, oi uo mean order arise from sucli 
social intercoursie, is a feeling now so prevalent, that foreign na- 
tional ^associations for the promotion of natural knowledge, have 
rapidly increased. Germany, France, and Italy have their annual 
assemblies, and our allies of the Northern States hold their sittings 
beyond the Baltic. In all this thfTc is doubtless mubh good, but 
an occasional more extensive intercoiirse^of a similar nature, to be 
repeated at certain intervals, is greatly be desired. 

It has therefore appeared to us (and we say it after consultation 
with many of our continental friends, who eqtially feel the disad- 
vantage), that the formation of a general congress science might 
be promoted at this meeting, which, not interfering with ♦ any 
assemblies yet fixed upon, or even contemplated, may be so 
arranged as to permit the attendance of the officers and active 
members of each national scientific institution. 

If the British Association should takeHhe first step in proposiaig 
a measure cf this kind, and should solicit the illustrious Hunibokit 
to act as President, we are sure <tliat scientific men of all nations 
would gladly unite in offering this horaifge to a man whose life and 
fortune have been spent in their cause,, wdiose voice l^as been so' in- 
strumental in awakening Furope to the inquiry into the 1^’s of 
terrestrial magnetism, and whose ardent search after nature's truths 
has triumphed over therAndes and the Altiii. ' 

If such be your suggestion, then will fresh laurel be added to 
the wreath of this city. She who, through the power bequeathed 
to her by her illustrious offspring, conveys .with rapid transit her 
inventions and her produce to the remotest lands, well can she esti- 
mate the value of an union of men whose labours can but tend to 
cement Uie bonds of general peace. In such a body the Britisli 
representatives would, we trust, form no unconspicuous band ; and 
with mind|) strengthened by the infusion of fresh knowledge, thqr 
would, on re-assenibling for our own national ends, the better 
sustain the permanent and successful career of the j^ritish A#so- 
* ciation. 
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* Mr. Taylor, the Treasurer, then read the Report of the Receipts 
and Expenditure for the past year. 

Mr. Philllj^s announced the order of proceedings ; andi added, 
that a steatner had been placed at the disposal of the Association, 
-which would convey the members to Arran at six o'cldtk on Satur- 
day morning ; and that the railway proprietors had oifered to 
convey members to and from Ardrossan. 

SATURDAY. 

On a new method of Photogenic Drawing,*' by Dr. Schiifhaeutl. 

Atler some observations on the comparatively lovr value of all 
drawings taken by means of the camera-obscura, in an artistical 
point of view, and on the principal points op which Mr. Talbot’s 
and M. Daguerre's methods of fixing the drawings of the camera- 
obscura'^ere founded, the author proceeded to describe his peculiar 
methods of producing photogenic drawings in Mr. Talbot's^ that is, 
in a negative way ; then, secondly, he described two^new methods 
of obtaining pliotographs in a positive way. His first method tended 
to obtain a*paper of very greaf sensibility by a ccmiparatively short 
process.. He recommended Penny's improved patent metallic paper, 
and spreading a concentrated solution of the nitrate of silver (^40gr. 
to drachms of fused nitrate to 6’ fluid drachms of distilled water), 
by merely drawirijr the paper over the sin face of the solution con- 
tained in a ha-ge dish. In order to convert this nitrate of silver 
into a chloride, the author exposed it to the vapours of boiling muri- 
atic acid. A coflting of chloride of silver, shining with a peculiar 
silky lustref was by this method generated on the surface of the 
paper, without penetrating into its mass ; and in order to give to 
tWs coating of chloride tlfle highest degree of sensibility, it was dried, 
and then drawn over the surface of the solution of the nitrate of 
silver again. After having beeti dried, the paper w as ready for use ; 
and ijo repetition of this tireutment was able to improve its scnsitive- 
rifess. . The author's process for fixing definitively the drawing was 
as follows : — He steeped the drawing from five to ten minutes in 
alcohol, and, ^after removing all superfluous moisture by means of 
WcJttiiig- paper, and drying it slightly be&re the fire, the paper thus 
prepared is finally drawn through diluted muriatic acid, mixed with 
a few drops of an acid nitrate of mercury. The addition of the 
nitrate of mercury inquires great caution, and its proper action 
must be tried first on pafer slips, upon which have been pro- 
duced different tints and shadows by exposure to light; bc- 
*cau8e, if added in too great a quantity, thf lightest sliades 
disappear entirely- The paper, after having been drawn 
through the above-mentioned solution, is washed well in 
wat^, and then dried in a degree approaching to about 1.5 8*^ Fahr., 
or, in fact, till the white places of tlie paper assume a very slight 
tinge of yellow. The appearance of this tint indicates that the 
drawing is fixed permanently. The author’s wwy for reversing the 
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drawing is^ in«the prindpal points^ the same as that suggested by 
Mr. Fox Talbot In order to obtain a photogenic drawing in a 
diresst apd positive way, the author uses his above-mentioned paper, 
allows it to darken in a bright sunlight, and macerates it for at 
least half an4iour in a liquid, which is prepared by mixing one par/ 
of the already described acid solution of nitrate of mercury with 
from nine to ten parts of alcohol. A bright lemon-yellow preci- 
pitate, of basic hypdnitrate of the protoxide of quicksilver falls, 
and the clear liquid is preserved for use. The macerated paj>er is 
removed from the alcoholic solution, and quickly drawn over tlie 
surface of diluted hydrochloric acid ( 1 part strong acid to 7 or 1 0 
of water), then quickly washed in water, and slightly and care- 
fully dried in a heat not exceeding of Fahr. 'J'he paper is in 
this state ready for being bleached by the rays of the sun ; and in 
order to fix the obtained drawing, nothing more is required than to 
steep the paper a few minutes in alcohol, which dissolves the free 
bichloride of mercury. The maceration must not be continued too 
long, asin that case the paper begins to darken again. The author's 
sec^d method of producing positive photogenic drawings was by 
using metallic plates, and covering them with a layer of hydruret 
of carbon, prepared by dissolvirig pitch in alcohol, and' collecting 
the residuum on a filer. This, when well washed, is spread as 
equally as possible over a heated cveminetallic plate of copper. 
The pfate is then carbonized in a closed box of cast iron, and, after 
cooling, passed betwixt two polished steel rollers, resembling a 
common copper-yilate printing-prcSs. The plate, afte?? this process, 
is dipped into tlie above-mentioned' solution of the nitrate of silver, 
and instantly exposed to the action of the camera.** The silver is, 
by the action*'of the rays of the sun, reduced into a perfect metallic 
state, and the lights expressed by the different density of the milk- 
white deadened silver, the shadows by the black carbonized plat^, 
1 n a few seconds, the picture is finished ; and the plate is so sensi- 
tive, that the reduction of the silver* begins even by the light of a 
candle. For fixing the image, nothing «1se is required, except 
dipping the plate in alcohol mixed with a small quaptity of the 
hyposulphite of soda, or of pure ammonia. 

Professor Graham then gave an Abstract of Professor Liebig's 
New Chemical Views rektive to Agriculture and Physiology, ' ab 
contained in his Report on the applicationsiof Organic Chemistry 
in Agriculture and Physiology. 

The primary source, it is observed, when^ man and animals 
derive die means of their growth and* support, is the vegetable 
kingdom. Plants, on the other hand^ find new nutritive material 
onl^ in inorganiv skbstauces. * It is obvious, tliat the last proposi- 
tim, if true, will afford firm basis on which to build the super- 
structure of the diemical'^physiology of plants; A different opinion 
has hitherto prevailed. The fertility of every soil has been generally 
supposed by physiologists to depend on the presence in it of a pe-» 
Cliiiar substance, to which they have given the name of humus, 
Th^is substance, believed to be the principal nutriiQient of plants. 
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:i\id to be extracted by them from the soil in iirhich they grow, is 
itself the product of the decay of other plants. The obvious differ- 
ence in the growth of plants^ according to the known abundance or 
scarcity of hnmus^ was considered an iiicontestible proof of the cor- 
rectness ef this opinion. Yet Liebig adduces the mtfst conclusive 
proofs , that kumus^ in the form in which it exists in the soil, does 
not yield the smallest nourishment to plants. 1st. The hutnus or 
humic acid of chemists, (obtained by means of precipitating an 
alkali]^ decoction of mould or peat by means of acids,) although 
soluble, when newly precipitated, is known to become completely 
insoluble when dried in the air, or when exposed in tlie moist state 
to the freezing temperature. This is also demonstrated by treating 
a portion of good mould with cold water. TJie duid remains 
colourless, and is found to have dissolved less than 100,000th part 
of its weight of organic matters, and to cqptain merely the salts 
which are present In rain water. Decayed wood also yields only 
slight tPaces^ of soluble materials. It has, indeed, been admitted 
by physiologists, that humic ^cid, in its unaltered condition, cannot 
serve for the nourishment of plants ; and hence they have assufhed 
that the lime of the different alkalies found in the ashes of vege- 
tables Vender soluble the hui/tic acid, and fit it for the process of 
assimilation. But even supposing the humic acid to be absorbed 
by plants, in the form ol’^that salt, which contains the largest pro- 
portion of humic acid, namely, die humate of lime, Liebig shows, 
from the known ejuantity of the alkaline bases contained in the 
ashes of plants, in relation to the carbon they contain, that not so 
much as 1-3 0th of the carbon of fir wood, nor so much as 1-20th 
of the carbon of wheat straw, could be derived from humus in this 
way. 2nd! Humate of lime requires 2,500 parts of ^ater for solu- 
tion. Now, supposing all the rain water which falls upon a held to 
liecome saturated with Itumate of lime, and to be absorbed by the 
plants growing upon it, then the quantity of humate of lime, which 
the plants thus nourished coulc^ obtain, might be calculated. But 
it prpves to be quite insu^licient to account for the carbon contained 
ill the corn^or in beet-root grown upon the land. 3rd. A certain 
quantity of carbon is taken every year from a forest or meadow, in 
the form of wbuod or hay, and, in spite of this, the quantity of car- 
in the soil augments — it becomes riqher in humus. 

The carbon of plants must therefore be derived from other 
sources ; and as the soil does not yield it, it can only be extracted 
from the atmosphere Physiologists, in attempting to explain the 
origin of carbon in plants, Overlook the circumstance that the ques- 
tion is intimately connected with that of the origin of humus. It 
* is universally admitted that numus arises from tlfe decay of plants. 
No primitive humus, therefore, can have ^existed, for plants must 
have preceded the humus, 'i'hat plants 'dferive the carbon exclu- 
sively from the decomposition of carbonic acid, chiefly and often 
entirely supplied by the atmosphere, is the conclusion to which 
Liebig arrives. They restore oxygen at the same time to the atmof- 
jdiere, agreeably to the observation of Priestley, De Saiftsure, and 
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othei:s. The ^eccimposition of carbonic it is true^ is arrested 
by the absence of light, and tlien plants appear to produce and 
evo}ye carbonic acid. But then, namely, at night, according to 
Liebig, *a true chemical process commences, in consequence of the 
action of the oxygen in the air upon the organic substances com- 
posing the leaves, blossoms, and fruit. This process is not at all 
connected with the life of the vegetable, because it goes on in a 
dead plant exactly as in a living one. The formation of acids is 
effected during the night by a true process of oxidation ; the volatile 
oils also change into resins by the absorption of oxygen. The car- 
bonic acid, which has been absorbed by the leaves and by the 
roots, together with water, ceases to be decomposed on the depar- 
ture of day-light : it is dissolved in the juices, which pervade all 
parts of the plant, and escapes througli the leaves by evaporation. 
Plants which live in a soil containing humus, exhale much more 
carbonic acid during flie night than those wdiich grow in dry situa- 
tions — the decomposition of the humus in the soil affording addi- 
tional ct^rbonic acid to the roots of the former. The opinion is not 
nei/i that the carbonic acid of the air serves for the nutriment of 
plants, and that the carbon is assimilated by them, having been 
advocated by the ablest natural philosophers, but has not" been 
properly appreciated by naturalists — partly, Liebig . believes, from 
their imperfect acquaintance with chemi^ti^, and partly from cer- 
tain objectionable experiments which wefe instituted by them in 
order to decide the point. That the developemertt of the plants 
growing from seeds sown in pure Carrara marble ai?4 in sulphur 
did not advance far, although sprinkled with carbonic acid wat^r, 
is not to be wondered at, seeing that many conditions are necessary 
for the life ofl plants j those of each genus requiring speciail con- 
ditions, and should but one of these be wanting, although all the 
rest be supplied, the plants will not be bravght to maturity. The 
sources of the nitrogen and earthy bodies, which all plants contain, 
were withheld in these experiments. The mere observation of a 
wood or a meadow, Liebig considers infinitely better adapted to 
decide the question, than all the trivial experiments under a glasj 
globe. Having shown that the carbon of plants is derived from the 
atmosphere, Liebig next inquires what power is realjy exerted on 
vegetation by the humus of the soil. > . 

Woody fibre, in a state of decay, is the spbstance called humm. 
This body possesses the property to conveit oxygen into carbonic , 
acid. A substance then remains, mould, which is the produrt of 
the complete decay of woody fibre. It* constitutes the principal . 
part of all the strata of brown coal and peat. Humus' is a toniimed 
source of carbonic acid, whitfh it emits very slowly. Such is the ■ 
chief function which Liebig ascribes to it in vegetation. There is 
no reason to believe that humus, if absorbed, by plants, would not . 
be assimilated, more than sugar, starch, and gum, which humus v 
considerably resembles, and which, when absorbed by the roots of ^ 
plains, are not assimilated, but again discharged by the roots, pr 
exaret^ by the leaves. Cultivation is useful, as tilling and loosei^ , 
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ing the soil- allows access of air to tlie humus, and thus gives 
• to the formation of carbonic acid. When a plant is quite matured, 
and* when the leaves, the organs by which it obtains food from tlie 
atmosphere, are formed, the carbonic acid of the soil is no further 
required. * 

The Assimilation of Hydrogen. — The solid part of plants (woody 
fibre) contains carbon and the constituents of water (C+H,0), or 
the elements of carbonic acid, together witli a certain quantity of 
hydroggn. The wood may be formed from a combination of the 
carbon of the carbonic acid with the elements of water, under the 
itifluence of solar light, the oxygen of the carbonic acid being at the 
same time evolved- Or, — and this view Liebig thinks more pro- 
bable, — plants, under the same circumstances, may decompose 
water, the hydrogen of which is assimilated along with carbonic 
acid. The oxygen disengaged from plants will therefore come from 
water. Hut tlie volume of this gas set free would be the same, 
wliether “^erivjed from the decomposition of carbonic acid or of 
water. A part, or the whole of the oxygen besides contaiiled ^ 
the carbonic acid, must also be set free, in the formation of such a 
substance as an essential oil, which contfiins only a small portion of 
oxygen, *or ifi> oxygen, as a constituent. 

On the Origin and Assh^ilation of Nitrogen. — Prof. Liebig esta- 
blished the fact that the thijL’d of the organic elements is unifopnly 
derived by plants^from ammonia. Like water, that body admits of 
numerous transfornlations in contact w'ith other bodies. He has 
demonstrated the existence of ammonia in the atmosphere, by 
original experiments, having obtained it in a minute but sensible 
quantity from rain water collected at a distance from all habita- 
tions. The diffusion^ of this substance in the mineral Ttingdom is 
also evinced by the existence of calcareous nitre soils and rocks, 
the^e being good reason t5 consider nitric acid as a product of the 
transformation of the former. A salt of ammonia also sublimes 
with the boracic acid, condensed in the hot boracic lagoons of Tus- 
cany, • Ammonia is also oUfeervable in the state of a salt in the juices 
of ]pants. The juices of the maple-tree and df beet- root are found, 
in the process of preparing sugar from them, to contain ammonia 
in considerable quantities. Pulrified urine contains nitrogen in the 
loiftifi of carbonate, phosphate, and lactate ©f ammonia, and in no 
other form. It is employed in Flanders as a manure witli the hest 
results. Animal manure, Liebig believes to act only by the forma- 
tion of ammonia. 'I'h^ latter substance must also form the red and 
blue Colouring matter of flowers. The evident influence of gypsum 
upon the growth of grasses, tlif striking /ertility and luxuriance of 
a meadow upon which it is strewed, depends only upon its fixing 
in the soil the ammonia of the atmosphere which would otber- 
■wise be vedatilized with the water which evaporales. The auimonia, 
which is^^ the state of carbonate, is tiien decomposed, as in the 
mannfai^i^: of sal ammoniac, and the sulphate of ammonia pror 
dueed. ' Tlie advantage of , manuring fields with burned clay and 
th6 fertility of fAruginous soils, which have been considered as 
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facis BO incomprehensible^ are explained in an equally simple man- 
ner. The true cause is this: — The oxides of iron and alumina 
are distinguished from all other metallic oxides by their power of 
forming sqlid compounds with ammonia. The ammonia is sepa^ 
rated from them by every shower of rain, and conveyed in solu- 
tionjto the soil. Powdered cha7xoal mr^asses all other substances 
in the power to absorb ammonia and other gases, and has been ob- 
served to promote vegetation in an extraordinary degree. Decaying 
wood possesses the same property. Humus, therefore, is oot only 
a slow and constant source of carbonic acid, but is also a means by 
vidiich the necessary nitrogen is conveyed to plants. Nitrogen, 
Liebig observes, is found in lichens, which grow on basaltic rocks. 
Our fields produce more of it than we have given them as manure, 
and it exists in all kinds of soils and minerals which were never in 
contact with organKi substances. The nitrogen in these cases could 
only have been attracted from the atmosphere. 'Carbonic acid, 
water, and ammonia, contain the elf^ments necessary for £Be support 
of animals and vegetables.' The same substances (he adds) are the 
ultimate products of the chemical processes of decay and putrefac- 
tion. All the innumerable produ^s of vitality resume, after death, 
the original form from which they sprung. And thus death — the 
complete dissolution of an existing genemti on — becomes 'the source 
of life for a new one. 

But another class of substances is also necessary for the life of 
vegetables. 

The Inorganic Constlhiiion of Plants. — These '^substances are 
found in the ashes left after the incineration of plants, although in 
a changed , condition. Many of these inorganic constituents Vary 
according to the soil in which the plants grow, but a certain num- 
ber of them are indispensable to their ^evelopement. Phosphate 
of magnesia in combination with ammonia is an invariable consti- 
tuent of the seeds of all kinds of grasses. Plants also contain 
various organic acids, all of which arejn combination with bases, 
such as potash, soda,^ lime, or magnesia" Of the different alkaline 
bases found in plants", Liebig finds reason to conclude^ that any one 
may be substituted for another, the action of all being the same. 
But the number of equivalents of these various bases remains the 
same. The analysis of Berthier and Saussure show that tlie nature 
of a soil exercises a decided influence on'\he quantity of different 
metallic oxides contained in the plants which grow upon it : that 
magnesia, for example, was contained in the ashe^ of a pine-tree, 
grown at Mont Breven, while it was absent from the ashes of a tree 
of the same species from Mont La Palle, and that even the propor- 
tion of lime and potash was very different. But although the com- ' 
position of the ashes of these pine-trees was so very difiS^nt, they 
contained an equal number of equivalents of metallic ox^^; or, what 
is the same thing, the quantity of oxygen contained/ih*^ai! the ts^s 
Vfas in both cases the same — being expressed by the in 

one cas^, and by 6 9^ in another, a coincidence which haS esca^ Ae 
notice of the analyst hiuisell. It is certain that panic\^lat. acids enter 
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into different vegetables, and arc necessary to their life ; some alkaline 
. base is also indispensible^ in order to enter into combination with the 
acioU, which are always foand in the state of salts. The perfe^ct 
developement of a plant is therefore dependent on the presence of 
alkalies or alkaline earths, and its growth is arrested when these sub- 
stances are totally wanting, and impeded when they are only deficient. 
Hence it is that of two kinds of tree, the wood of which contain^ un- 
equal quautUies of alkaline bases, one may grow luxurianily in several 
soils, upon which the other can scarcely vegetate. Thus 10,000 parts 
of oak-wood yield 250 parts of ashes, and the same quantity of fir- 
wood only 83 parts. Hence, firs and pines find a siifficieiit qxxantity 
of alkalies in granitic and barren sandy soils, in which oaks will not 
grow. Liebig supplies various additional illustrations of the infiuence 
of the alkaline metallic oxides on vegetation, amply suflicient to place 
beyond controversy these conclusions, so important to agriculture and 
to the cultivation of forests. One of these Profesfeor Gniham quoted : 
a harvest of grain is obtained every thirty or forty years from tlie soil 
of the CBlieburg heath, by strgwing it with the ashes of the heath 
plants which grow on it. These plants, during the long j)erio(I men- 
tioned, collect the potash and soda from tin decomposing minerals of 
the soil,,whicli are coiiviiycd to ih^in by rain water ; and it is by means 
of these alkalies that oats, barley, and rye, to which they are indis- 
pensable, «ire enabled to grow on this sandy heath. The supposition 
of alkalies, metallic oxidcs,t<d: inorganic matter in general being*pro- 
duced by plants, ^s entirely refuted bjwsuch well authenticated facts, 

1 1 is thought very rdbarkahlc, that those plants of the grass tribe, the 
seeds of which* furnish food for man, follow him like the domestic 
aniiwals; But none of our corn ])lants can bear perfect seeds, that is, 
seeds yielding floui*, without a large siijiply of phosphate of magnesia 
and ammonm, substances which they require for theS* maturity. 
Hence these plants grow only in a soil where these three constituents 
are# found combined, and fio soil is richer in them than those where 
men and animals dwell together. Professor Liebig thou ap])lies those 
great fundamental principles, in this report, to the art of culture, 
under ^he following heads: •use of humus — nutrition and growth of 
plaSlts — necesgity of azotized substances — influence of the food on the 
produce — composition of soils — the fertility of soils — fallow. Then, 
under the head .of interchange (rotation) of crops and manure, he 
diJCasses the varieties and applications of paiticular manures, compo- 
sition of animal manure^ the essential elements of manure, bone 
manure, manure supplies nitrogen, mode of applying urine, value of 
human excrements, ly the second part of his report Professor Liebig 
discusses the chemical procesi^s of fennentation, decay, and putrefac- 
tion, under the heads of chemical transfonnations — eremacausis or 
dtecay— vinous fermentation — wfne and be*cr — decay^f woody fibre — 
on the mouldering of bodies — and on poisons, contagious matter, and 
miams. The novel theoretical views with which this department of 
the work abounds are remarkable, equally with those of the precodinjg 
part, for their profundity and for their valuable applications. The 
^ subjects discussed, however, are numerous, and of such a nature that * 
great ixjusUce wc^d necessarily be done to them in a short and hasty 
abstract. • 
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^ Dr. Gregory stated, that having studied Professor Liebig’s work,' it 
appeared to him in the highest degree important, as being the first at- 
tempt Jo apply the newly-created science of Organic Cheniistrjl^ to 
Agriculture V that, in liis opinion, from this day might be dated a new 
era in that af?t, from the principles established, with such profound sa- 
gacity, by Professor Liebig. He was also of opinion, that the British 
Association Imd just reason jto be proud of such a work, as originafiug 
in their recommendation. 
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On^Bcct Sugar; by J. C. Booth. 

There are few. subjects which have created more sensalflSi in the 
greater^ pan oi Europe, and the United States, simultaneously, than the 
roaiiufacturo of sugar from beet root. *That it should have induced 
many individuals in this country to experiment, with a view to its 
njaniifacture, the characteristic enterfrise and ingeiinity of our people 
might guarantee, but may we not assign the chief reason of their 
failure, or only partial success, the fact, that too many of us still boast 
of our practical knowledge, vi|fh a sidelong sneer aMhe assistance of 
science. It is rather more snr]n-ising, to observe the intense and all 
pervading interest manifested on various parts of the cefntinent of Eu- 
rope, especially in Germany, on the sugar-beet and its important 
product, as it clearly shows that this learned people have received an 
impulse with the rest of the world, relative to more modem manufac- 
tures, or rather that the zeal with which scientific men have devoted 
themselves to the advancement of the arts, h now developing its eflevts 
on the mass of the community. The freipient questions asked relative 
to the making of beet-sugar, may bo belter answered by a concise de- 
scription of the superior method ofextracting sugar from the drie4 beet, 
the main part of the acaounf, being taken from Dingler's^ Polytechti^lc 
Journal, for 1838, Bd. LXIX. The drawings in all their details will 
be omitted, and merely the general features of the proq^jss described. 

1. Cleansing , — They must be washed, to free them from tlieuCil 
which adheres to them, and this may be executed in a simple tub, or 
on a larger scale, a vat, into which water flows. A convenient arrange- 
ment for this purpose, might be a net-work cylijider, slightly declining 
from a horizontal position, revolving mider water, or through , which 
water should abiuidaiuly flow. The beets coming out from the de- 
pressed end of t}ie( cylinder, will bepcrilclly clean. 

2. Cuiiing , — *' They are next cut by a machine into long strips, ex- 
hibiting a square by a V;ross section, i. e, into long parallelepipeds, 
which is accomplished by a series of small knives attached to a sheet of 
iron, parallel to, and at short distances from each other, which first 
make incisions as deep as the required thickness of the pieces, aJ^d are 
fylfewed hy a long knife, behind and at right angles tojhe smaller 
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which the strips are separated.” The knife widi the smaller 
one8> cut by a vertical motionj but there might be a greater econo^ 
mf of time, by bringing a series of these cutters on a wheel, and 
attaching the smaller knifes to the large one. suffering them to pro- 
ject a little below it, so that their incisions may be immediately 
followed by the edge of the long knife. 

3. prtfing . — “ Various and simple arrangements have be8n de- 

visedj for drying the pieces thus cut, in all of which the principle 
consists in exposing them in thin layers to a current of air, heated^to 
a tfemperature of between 100°. and 146°. Fah. ; for if below 100°. 
they are apt to ferment, and if above 145°. they are liable to de- 
composition. For this purpose they are placed on wire nets, in the 
form of drawers, to the depth of one or two inches, the drawers 
sliding in one over another, at the distance of three inches, to dllow 
a free circulation of air. The drying chamber, or house, is heated, 
either by a hot air furnace, or by steam tubes. A better arrange- 
ment, 4«wcver, and one requiring but little hand-labour, is a series 
of endless* wire-nets, one ovef the otlier, and each passing *around 
a roller at each end. The pieces are carried from the cutting ma- 
chine, on an endless cloth, up the highest of the nets, on which they 
fall, arid aife carried to the faPthest end, by its constant motion, 
where tl^ey fall on the next lower endless net, whicli at this end 
projects beyond the uppe(iiiost, moving in the opposite directjpn on 
to tljg farther end of the second, whicli docs not reach as far as 
the third, they aV^ received on the latter, and again transported to 
its farther end, and thus, by moving alternately in opposite direc- 
tions, on the adjoining nets, they reach the lowest, from which they 
are thrown off iif a dried, or sufficiently dried, state for use. These 
parallel net^ are all in a chamber, heated by steanf tubes from 
below ; lower openings in the apartment admitting cold and dry 
ai|^ the upper ones abov«f the nets, permitting the egress of the hot 
air, surcharged with vapour. After drying they are ground to 
powder.” * 

4. Sugar Extraction . — V The saccharine matter may be extracted 
bji pure watjr, but it is found to be more a^lVantageous to atld acid 
or lime to it. The former is preferable, and sulphuric acid the 
most convenierUk. To nine parts of water add two-thirds or three- 
flviBths of a pr. ct. of suli)huric acid, (aegording to the amount of 
sugar in the beets,) and«6tir in four, or even more, parts of the pow- 
dered beet. The stirring should be continued until the acidulated 
water is absorbed, wl^n the mass is subjected to pressure in bags ; 
the remaining mass is agatn treated with the same quantity of* 
equally acid water, and pressed, but the liquid thus obtained, is 
Used for the next fresh quantily of powiler. TIfb moistening and 
pressing are continued until all the sugar is^cxtracted. 

The portion first pressed out, is treated with a quantity of slaked 
lime, a little more than is sufficient to neutralize the acid, and the* 
precipitation of sulphate of lime takes place fully at tlie tempera- 
ture of 165®. to 190®. Far. The clear liquid is drawn oft* auef 
qiyi^yzed by the ordinary sugar-refining process.” * , 



390 M%sc4lom>us Articles. 

5. * r/wory.-r-Beside sugar^ there are many other vegetable prin- 
ciples contained in the beet, of which gluten and albumen are the 
most injurious atid difficult of management, but by drying they^rc 
rendered insoluble, and cease to be troublesome. It is also in Con- 
sequence of the same operation, that less animal charcoal is required 
for purifying the sirop, than where the beets were not dried- 
Sulphuric acid'rimderB more insoluble the gummy matter, and pro- 
bably decomposes a combination of a portion of tlie sugar, but as 
there are other acids also present, a little more lime is added to 
neutralize them, than is sufficient for saturating the sulphurjS acid. 
The beet may contain from six to twelve pr. ct. of sugar, but much 
of it is lost in the process of manufacture. It is similar to that ob- 
tained from the sugar-cane, and is hence called cane-sugar, to 
distinguish it from other varieties, as raisin or starch-sugar, sugar 
of milk, &c. ^ 


^ ‘ On Raisin Shugar ; b^ J. C. Booth. " ‘ 

When raisins have been exposed to the air for a length of time, 
small crystaline grains will be foundrupon and within them, which 
have a sweet taste, and are a species of sugar. I'he^same kind 
may be made by the action of diastase, qr Sulphuric acidjfoh starch, 
and hideed starch-sugar, or rather star6h-sirop is much used in 
parts of France and Germany. The process of ^nanufacture Is as 
follows : — ^ 

1 . Conversion of the Starch . — One thousand parts of water are 
brought to the boiling point, in an open vessel o£ copper or lead, 
and fifteen parts of sulphuric acid added, previously diluted with 
thirty parts of water. When the fluids arc well mingled, a cover is 
put on the vessel with a small opening in tfie centre through whi^ 
the starch is introduced. Four hundred and fifty to five hundred 
parts of dry starch, (or as much wet as contains that quantity, )are put 
into the opening in the cover of tfie vessel, in very small portions 
at a time, so that the fluid may continue boiling, and not bebonie 
thick. A few minutes after the last portion is added, the fire is 
extinguished, and chalk is thrown in to neutralize the acid. The 
clear liquor is drawn off, when the sulphate of lime has deposited 
and filtered through ordinary sugar filters. It is then evaporated 
to one half its volume, twenty-five parts of animal charcoal stirred 
in with a little blood, boiled and filtered through Taylor's filtering 
apparatus. This is starch-sirop, frsnri which su^ar may be 
obtained, by evaporating to 40 — 45®. Baumc and cooling. It forms 
a white, coarsely granular mass, fronf which the molasses may be* 
separated in the ordinary manner. . One hundred parts of dry 
sfarch, give one hundred and fifty parts of syrup, or about one 
hundred of dry sugar, 

2. The Theory of the Process . — The conversion of starch into 
sugar, by this process, is one of the most siz^ular (Operations of 
chemistry^ and has given rise to a new doctrine iin the sci^os^ 
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We petceivc that by the operation on a large scale, tliey obtafn an 
an)ont of sugar equal to that of the starch, but De SausSure ob- 
tained in a careful experiment,, from one hundred of starch, 'one 
hundred and eleven of dry sugar. The sulphuric; acid is un- 
changed, for there is the same amount remaining after tbe operation 
that was originally introduced ; nothing is absorbed from the 
air, nor is there any evolution of gas, for the operation niay be 
conducted equally well in closed, or in open vesst;ls. The starch 
alonedias changed, and this change is effected by its taking up a 
certain quantity of water, or rather the elements of water, hydro- 
gen and oxygen. Accoriling to Saussure, one atom of starch takes 
up about two atoms of water. It .appears then that the presence 
of sulphuric acid is sufficient to produce such an .alteration among the 
elements of starch, that a new and different product results. For 
this reason €ind from many analagous facts, the French chemists 
give to this singular method of decomposition the name of presence / 
BerzeTiu^j^aUs it catalysis, which signifies a decomposition by the 
interchange of the elements of a body among each othei*. The 
catalyctic influence of sulphuric acid then, is to convert starch into 
sugar,, wh^re water is presenl^ All other acids will produce the 
same result, and the same kind of sugar may be obtained in a 
similar \nanncr from other organic substances, such as linen, cot- 
ton, wood, &c. But the dfangc is not immediate, for it is ol»erved 
to convert the starch first into gum, and tlie gum into sugar. It is, 
however, not the mineral acids alone, that produce this effect, for 
an organic substance has been discovered in malt, which possesses 
th5 same power jn a higher degree. This is diastase, which con- 
verts starcl} into gum (or dextrine) at a temperature^ of 130®. to 
IflO®. while the mineral acids require l8o®. to 205®. One part of 
diastase will change two thousand parts of starch into dextrine, 
afld at least one thousand parts into sugar, Through tne presence 
of diastase, therefore, or more properly by its catalytic influence, 
starch of wheat, potato, &c., isf first changed into dextrine, and 
t|jen»into sugar ; a highly interesting faetj as giving us a clearer 
view of the^formation of gum and sugar in* plants, and of the pro- 
cesses for manufacturing alchoholic liquids, which require the 
presence or fcA'mation of sugar, prior to their vinous fermentation. 
^ In concluding the above articles on* the manufacture of two 
varieties of sugar, the*fbllowing table of the amount of sugar con- 
sumed in Europe, in 1 836, may not be uninteresting. It is extracted 
from Dingler's PolyW Jour* Ixvii. p. 3J9> 
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“T"*’ ' 

England 

I6i 


20 

Ireknd 

8 

32 

4 

France 

33 

1781 

H 

Prussia 

14 

56 

5 

Bavaria 

4 

10 

H 

Switzerland 

2 

12 

. 6 ' 

Belgium 

4 

60 

15« 

, Holland 

2$ 

35 

14 

Denmark 

2 

10 

5 

Sweden and Norway 

4 

12 

3 

Spain 1 

14 

87 

6i 

Portugal 

3i 

IGi 

' 5 

Smaller German Itates 

1 ^ 

40 

' 5 

Italy 

18 

1 36 


Aus^tria in the commercial 

« 


• union 

Austria without commercial! 

19 

40 

2 

union 

• 15 

25 

. u 

Russia 

40 

40 

1 

• 

t 

zofi* 

1011 i 



.foumal ortkfe l^rauJklin In!»titai«. 


Copal Varnish. ^ . 

The following metliod of preparing a copal-varnfsh^ ig not noveh 
but its simplicity and the superior quality of the product, may ren- 
der it acceptable to many of the readers of the journal. 

Enclose coarsely-powdered copal in a linen rag, and hang it 9ti 
the neck oi' a flask, or bottle, to such a depth that it cannot touch 
the spirits of wine, which is in the bottom of the vessel. Tie a 
piece of bladder over the mouth of the dai^, and make a few«per- 
forations with a pin, for the escape of a little alcoholic «vapour. ff 
the vessel be placed in a warm situation, thick and viscid drops of 
the copal, combined with alcohol, will slowly fall intd the liquid be- 
low, and gradually dissolve, until the whole of the copal is extracted 
When dissolved, the clear liquor may be hecanted fl*om a Very 
small quantity of sediment, and it will prove a more transparent 
and beautiful varnish than can be procuj*ed by any other method. 
The same process is applicable to other difficultly soluble resins, 
^d will be found useful where rapidity is not required. ^ 

Ibid. 


^ Soda Manufacture in Hungary. 

Native carbonate of soda is found in greatest abundance in Little . 
Rumania, particularly near Shegedin ; it likewise occurs in many 
other places, in greater or smaller quantity. It e^oresees out ^ 
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the moist earth, forming a white crust, and in the spring of the 
year^ before sunrise, appears like an extensive covering ofjsnow. 
With greater care than they now employ, the workmen* might 
readily gather it sufficiently pure for ordinary technieal purposes 
by raking. The whole of the surface is gathered, and sold to the 
soda manufacturers, who distinguish its quality and richness, by the 
taste. It is leached in square vats, until the remainder ceases to 
h^e a saline taste. 'J’he fluid is dark brown, and beside carbonate 
ot sodt, contains much sulphate and muriate of soda, humic acid, 
and other mechanical impurities. Tt is boiled down in a large 
sheet-iron pan, to a siropy consistence, transferred to an adjoining 
pan, and evaporated to dryness under constant stirring. The mass 
is of a dirty yellow, or brown, with white and black spots. It is 
gradually heated in a calcining furnace with the access of air, until 
vapors cease*pa 9 sing ofl‘, then fused at a higtfer temperature, and 
taken ottt^when partially cooled. A large portion is employed in 
the countiiy' itself, in the manufacture of soap, the remaindtjr sold 
as raw calcined soda, as there is no manufacture for cry stall zing "it. 
If the demand for it were increased, the production of this salt 
mighty be iacrcased to three or»four times the present amount, as 
the country contains numerous soda lakes. Beside Trieste, from 
which some of the productions of Hungary find their way to the 
American market, there is*a port on the Adriatic, belonging d 3 (cclu- 
sively to that kin^lom, whence we might obtain at lower rates, 
the products of one of the most fertile countries of Europe. 

Ibid. 


On Galls in the Manufaclurc of Black Ink, 

ftiue Aleppo galls are employed in great quantity, in the manu- 
facture of black ink, in consequence of the large amount of tannin 
they contain, nearly all of which, by a judicious management, is con- 
ve^ec> into gallic acid. Being greatly superior to oak bark in their 
coment of t^inin, they might be substitutecl for it in the process 
of tanning leather, were not their high price a serious impediment. 
They are excrescences on the leaf-stem of the quercus mfectoria, 
growing in the Levant, and are product by the incision of the 
female galUwasp. There is, however, another kind of galls, the 
acorn of the quercus cerris^ which receive a malformation from the 
incision of an insect,® and ^iroduce^ a substance not unlike the 
Aleppo galls, but much more irregular, and with bold projecting 
ppints. They are found abundantly in Hungary, ^nd the southern 
provinces of Austria, where they are employed indyeing and tan- 
ning, particularly in the latter art. Thejis are known under the 
name of Knoppern in Germany, and Galles a Tepine in France, and^ 
in the former country, are considered but little inferior to good 
Aleppo galls. A manu^ctory has been established at Vienna, for, 
ol^ning a solid extract from them, which has been s^cessfully 
employed ii\ d/eing dark colours, and in tanning. Either tlie • 



S94f Miscellaneous J^rticles. . 

knopperrif or their extract^ might be obtained at Trieste^ i^nd might , 
prove ft useful substitute for' ordinary galls^ whether in dyeing, or 
in the manufacture of ink. 

c Ibid. 

• ^ssa^ of Gold. 

In the last number of the Journal, a new method of assaying 

f old, proposed by Lewis Thompson, Esq., is extracted frpm Ae 
iOndon and Edinburgh Philosophical Magazine. It consists in 
adding to the gold assay-piece, an excess of silver, and then fusing 
the mass down with the chlorides of silver and of sodium, to re- 
move the base metals. The silver is afterwards separated by nitric 
acid. “ By this plan,'* says the author, “ the tedious process of 
cupellation is avoidaJ.** c 

It may not be unimportant to some of the readers of the Journal, 
to be informed, that Mr. Thompson’s plan differs frpmTl® usual 
oije by cupellation, only in' two particulars, in both of* which the 
old process has manifestly the advantage. In this process, lead alone 
is used to remove the base metals, instead of the two chlorides, and 
it is simpler, perfectly effectual, and not subject to decrepitation. 
The second point of difference is that a .cupel, composed of bone 
ashe^ is used instead of a crucible ; and this cupel possesses the in- 
valuable property of absorbing the oxides of lead, ^ and of the baser 
metals, and leaving a clean button, composed only of gold and 
silver. In the new process this .advanfcigc is not firesented, and 
there will be grains to be separated from the crucible, as attenthe 
operation of fluxing ; thus adding not only to the labour of the 
process, buf to the uncertainty of the result We are therefore, 
led to the conclusion, that the process proposed by Mr. Thompson, 
is more complicated, more inaccurate, and even more tedioUM, ’ 
than that now in universal use. 

%> 

Postscript, ff 

Sometime after the above article was communicatedfan opportu- 
nity was taken of making trial of Mr. Thompson’s method of assay, 
and the results render it proper to modify, in some degree^tbe 
above remarks. The gbld, the fine silver, and the chloride of 
silver, were melted together in a small cruable, and the button of 
gold and silver formedwas found to be much more perfect and better 
insulated than had been expected. Fivo assays were made, and the 
results, by the old and new piocess, expressed in thousandths, were 
as follows: « * * • 


Nol, 

by cupellation. 

968 

by Thompson’s process 

968.5 


ft • 

890 

tt 

889 

. , 

tv,. 

936.5 

€t 

936.7 


u 

900 


900.2 

. «, 

<f 

460 

V€ 

460 5 


This cO0iparison of the two methods is certainly ^ery satisfactca^j^ 
ihe greatest difference being but one diousandth. 
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‘In employing Mr. Thompson’s process, an evil was observed 
• which had not been anticipated. It is, that a sensible portion of 
the *chioride of silver is volatilized during the fusion, and iconse- 
quently lost* To show this, the following statements of the first 
and last assays — ^being of the finest and basest specimftis, are pre- 
sented. The weight 1000 is equal to between 7 and 8 grains. 

No. 1. Gold, with silver 1000: no copper 

Fine silver 2000 


» Chloride of silver 

• 

3700=2037 foie silver 


5037 

Button of gold and silver after melting, 3088 

Loss of gilver by the process. 

= 1949 

No. .5. Gold with silver 

d94+ copper 506 

. Fine’ silver 

1400 

01ilojride of silver 

3000=2260 .fine silver 


• . • 


4L54 * 

Button after melting. 

2580 

Loss of silver, 

1754 


On the whole, though the new process is certainly not so go^d as* 
that by the cupej, and is not likely ever to replace it where nu- 
merous assays are to be made, as at a mint, yet it is certainly better 
than was supposed when the above remarks were made, and it has 
the advantage, which is valuable under many circumstances, of not 
requiring a muffle*furnace, or a cupel of bone ashes. 

• • Ibid, 


p 




A Desqjfiption of a New Fowfn of Magneto^ Electric Machine, and an 
p Account qf*n Carbon Battery of considerable energi/ ; by Oliver 

W, Gibbs, member of the Junior Class of Columbia College, N. Y, 

Jl well known, that if a soft iron bar be wound with insulated wire 
and caused suddenly to approach and recede from the poles of a mag- 
net, temporary magnetism will be induced in the bar, and an electric 
current m the wire surrounding it. This fact led to the construction 
of the magnetO'electric Aachine, the principle of which consists in al- 
ternately inducing and destroying ma^ietism in a bar similarly wound 
wUh large wire for sparks and defiagrationsy and with^mall for shocks 
and chemical decompositions. About eight months since it occurred 
to me that a more simple machine than those •commonly used (and 
which all 1 believe resemble that of Saxton) might bo constructed 
My plan was, to take a bar of soft iron of say an inch in diameter by 
ten inches long, and to slide upon the middle a disk of brass of two , 
iucl^ radiujs. Tbi^ would divide the bar into two jiarts, upon one of 
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whieh is to be- wound three or four hundred feet of cop])erbell wire well 
insulated^ and upon the other and separated from the first by the brass 
disk, about four times that length of line wire, say No. 25. If now ‘one 
extremity of the coarse wire be attached to one polo of the battery, and 
the comniunttation between the other extremity and the other battery 
pole be alternately made an4 interrupted by means of a rasp or toothed 
wheel? magnetism will be induced and destroyed in the iron bar and 
consequently an electric current will circulate through the fine wire. 
The use of the brass disk is to prevent by means of a (dosed circuit, syiy 
immediate induction in the fine from the coarse wire, which wi^hld iur 
evitably take place were none interposed, and which would convert the 
instrument from a magneto-electric to an electro-magnetic machine. 

Since the above was devised, an obvious improvement has suggested 
itself. This is founded upon the fact that magnetism is strongest at the 
extremities of bodies ; and consists simply in dividing* the bar into 
three equal spaces by means of two disks of brass similar in size to the 
one already described. The central division is then to be wou^d^ylh the 
coarse ^nd the two outer or polar divisions with the fine coimecl- 
ii^ the two out(3r helices in such a manner that they may form one long 
wire. The battery current is then to he passed through the coarse wire, 
and the connection made and intenrpted as before by a rasp or otlier 
interrupting apparatus. As thus constructed, the instruinont would 
produce eflects similar to the common magneto-electric inac?nne when 
used -lor shocks or decomj)osition. If it oe desired to ])roduc(' sparks 
and deflagrations, it would only be necessary to ^slido off the coils of 
fine wire from the jioles, and to substitute in their steady others made of 
coarse wire of shorter length and then transmit and jntcrriipl the cur- 
rent through the central coil as before. Wc should then liavi' within a 
much smal](^ compass, an instrument capable of producing all the ef- 
fects of the common machine of Mr. Saxton, and by combining a num- 
ber of stmh bars wo might form in a comparatively small compass a 
magneto-electric balteiy of great energy. Some of Dr. Page’s heauli- 
fiil interrnpiiiig ap])aralus might doubtless be used successfully with 
this iustruineiit. As I have no oppOrluiiity lo construct the instrument 
myself' I would suggest the trial, especially of the latter form of appara- 
tus, to any who may be interested in the subject, hhoultl it succeed, 
its advantage would be its superior cheapness and power, (?) and the 
little space it would occupy. 

About the same time tkat the above instrument tvas devised, in lock- 
ing over tho list of substances which are capaule of forming a galvauic 
circle together, I was struck with the much higher elect ro-negHtiveness 
of charcoal tlnni of copper in relation to zinc ; there being but six sub- 
stances between zine and copper, while there are eleven between zinc 
and carbon, which, moreover, stands even higher than gold, and next 
below platina. !l^csides this, its excellent conducting power seemed 
particulary to qualify it Jo act as an electrometer. Accordingly, I was 
led to consider that it might form an excellent battery with zinc or its 
‘ amalgam, and mentioned the opinion to Professor Renwick. I was 
however prevented from experimentally demonstrating its powers, until 
"in the month of March I perceived in one of the foreign journals a 
. short accdimt of a carbon battery which had been su' cessfully tried In 
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England. • I immediately constructed a small battery, consisting of 
only six pairs of zinc and bituminous coal, and arranged as a ccmronjie 
des* tasses. The zinc ])lates were an inch square, consequeuUy there 
were only six inches of acting zinc surface ; the exciting liquid was di- 
luted sulphuric acid. With this battery pure water W^is easil}^ and 
rapidl}’^ decom])osed, though from not haring ])latina electrodes, and 
from the >Vant of a voltameter, the gas collected was not measured. 
This experiment was witnessed by Mr. 8chacfler, assistant Professor of 
(I4j<unistry in the College. To those who possess batteries of consider- 
able piwer, I would suggest the employment of some fonn of carbon 
for electrodes in the place of plalina. I hope soon to be able to present 
a series of experiments on the relative advantages of copper and carbon, 
esjiecially in the case of the constant battery. 

New York, May 1840. 



Elrctricliy in Machmery ; by AzAniAii Smith, jiin. 

• * • • 

Messrs. Editors,— Having frequently lieard persons employed 
in my father’s maniifactOrv at Manlius, N. Y., speak of the deve- 
lopment of electricity b^^aiticular parts of the machinery,* I was 
led by an article* in the American Journal for (July ?) to the 

examination «f the phenomena which furnished me with ilie fol- 
lowing facts which you will please to publish if they add any- 
thing to the ligl^ .already existing upon this subject. 

Upon af^roaching the machinery referred to, whk'ii was ctm- 
nected with the spinning apparatus, and near tlie centre of the 
manufactory, 1 observecUfibres of cotttn of all lengths up to six 
inches, extending out in different directions from one end of the 
spinning frames, and waving as if about to leave their resting 
place for a band two aniL a half inches broad, which moved the 
n^clflnery ^and connected it with a drum ;i»even feet above ; the 
latter being* moved l)y another drum fifteen feet distant, with 
which it was connected by a horizontal strap, seven inches in 
b|'e^dth. The two drums were of equal diameter, two feet and 
eight inches, but the )\dieel by which the* spinning machinery was 
moved and a free piilly by its side were only eight inches ; and 
consequently made two hundred and eighty-eight revolutions in a 
minute, wdn'le the foAier made seventy two. 

Beneath the horizontal strap, and four feet distant from it, the 
hair of the persons spinning v^as observed to be affected in a similar 
manner with the cotton, all the finer and more flexible fibres stand- 
. ing directly upright. Upon placing small fibres of cotton from one 
to two feet distant from this strap, they would ascend to it, and 
adhering to its surface advance with it until within a short distance 
of the drum around which it passed, when they would fall off and 
'i^’end to the^floor. Occasionally fibres w‘ould pass U> and fro 
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between the band ami the hand placed near it, and once -or twice 
this latter ptienomenon took place through a space of two or three 
feet* 

Upon slipping the narrow band from the wheel moving the 
machinery to^the free pulley by its side, the electrical attraction of 
both the bands was observed to disappear, and this notwitbsanding 
their m'otions were the same as betore — in a \)ioment, however, it 
was again manifested upon the spinning machine being set in 
motion by slipping the back upon llie motor wheel. I'his lalto? 
phenomena led to an inquiry into the different circumstances of the 
band in the two cases, when the idea was suggested that the wlicel 
and the free pulley might be made of materials possessing different 
conducting power, but this a machinist of the manufactory in- 
formed me was not the case, both being made of iron apd covered 
witli leather. The friction of the spinning machinery^ and of the 
motor wheel upon its axis, which were present ^in one, but ab-' 
sent in the other case, was the next difference suggested tc-^ePnunt 
for the change, but as the axes of all Jiarts of the machinery were 
made of iron and connected with iron frame- work, it was concluded 
that friction here would have no tendency to accumulate electricity. 
Upon watching the broad horizontai^band at the momerft the fiar- 
row one was slipped from tlie motor wheel upon the free .pulley, 
the part of it connecting the upper part of^he drums was observed 
to relax, wdiile that connecting their lower surfac(;s, from being 
curved downwards by its weights became proportionally tense. In 
the first case, the upper part of the hand was made ifensc by the 
great amount of friction in the machinery whicli it had to ovcrconie, 
and of course, the friction of the hand upon the drums was in- 
creased in the same ratio. But when llu; free piilly' only was 
turned, the frietitm to be overcome, and consequently that of the 
hands, was much diminishea ; and this iiK*reased amount of fritv- 
tion of the bands upon the drums in the first case, is to be referred 
to .as the exciting cause of the electricity. 

From this statement you will observe that there w^as no friction 
of the bands upon each other as is mentioned in the article referred 
to .above, since tlie horizontal bands were parallel, and the vertical 
ones eight inches apart at their nearest approximation. In another 
part of the manufactory, Jiowever, two portions of a band wttc/ 
observed which w^ere crossing and rubbing .ipon e.ach other, but 
their friction was attended with no observable electrical effects. 
At this time however llie band was passing ar^mnd a free pulley ; 

I was therefore led to iiujuire as to its electrical state during the 
mc^ion of its machinery, and ascertained that its attractive power 
f(jr cotton, &c. at auch times was as great as in that of the bands 
already spoken of. 

Although these facts do not authorize us to dispute those in 

Mr. article, yet they naturally suggest the question whether 

the electricity in that case was not excited by the friction of the 
band upon the wheels rather than upon each other, 1 .and if so, 
whether the apparent diflierence between the bands below thei¥ * 
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junction anil above was not in reality caused by the appiicatioii of 
the jar, in the one case to a tense, and in the other to a . relaxed 
portion of the band. 

• 

Not being intimately acquainted with the action of electrical 
apparatus^ in diiferent circumstances, I am unable to say whether 
increased pressure of the whole flap ol'the common machine upon 
tj^c cylinder would materially increase the amount of electricity 
developed, but from the above facts, as well as the nature of the 
case, I should suppose it would, and if so, the circumstance pro- 
perly attended to in the construction of electrical machines, would 
render them, avleris panhus, much more powerfiil. 


Human Fcmil, alleged to He Anlcdlluvian. 


A •disco'^Try of an interestTng nature, which, it is said, has 
recently Ji>een made in Belgium, at this moment invites the inspec- 
t on of the scientific and \h# curious at a house in l^eiccstcr-^juare. 
It lias been laid down by Cuvier, and received as an axiom in 
geology, that tBe*bones of the inferior animals alone were to be 
found in a i^jssil stati*, and that those of man were invariably 
waiting ; a tlieory whose tendency militated against the IVIosaic 
account of the efeation. In the science ot geology there is conse- 
quently no (iroblem whose solution offers greater interf'st than that 
which depends on the existence or absence of the human antedilu- 
vi;»i fossil. This questioTi has now, to all appearance, been set at 
rest by the discovery lately made (?) of the fossil remains of a child, 
which were found embeddetl ♦in silex, in a chalk quarry at 
Diehgen, near Brussels. • We understand the proprietor of the 
foSKil has requested the attendance of the M5rquisof Northampton, 
and several members of the geological society, to inspect and test 
it with the mo^M, minute scrutiny. The result of this inspection 
mn&A be decisive of its claims to antediluvian origin. The appear- 
ance which it presents « that of the head and trunk of an infant, 
completely formed, but apparently much compressed. The head 
is perfect — the nape of the neck, the articulations of the vertebra', 
the bones of the throat, the chest, shoulders, and parts of the arms 
equally so, and the ribs are distinctly yisible. The right arm is 
bl'oken short off by the shoulder ; the left, whicB is iiniiiutilated, 
adheres to the side, and is sunk i^to it. T^|e lower extremities arc 
indistinct, being thrown up into a circular mass below the abdomen. 
From a section of the lower part, which was accidentally made in* 
its discovery, the formation of flint, in which it was preserved, is^ 
at once apparent, and on its surface portiens of the bones are clearly 
to^ traced. » * • 
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Miscellaneous J^riicles, 

An Aurora Borealis of considerable magnitude and brilliancy, but 
attended with no peculiarity, was seen here from seven till eleven o’clock 
oil Monday evening the 19th instant. It consisted principally of a 
strong, steady light in the northern heavens, with the usual black, foggy 
nucleus ^elow ; and of many fine streamers which were displayed at 
different times during its appearance. The colour of both streamers 
and steady light was of a misty white. 

W. Sturgeon. ^ 

ManchesteVy Ocioher. c 


ANSWERS TO CORRESPONDENTS. ' 

• 

1st, The olectro-niagrietic engine with the rotating disc^caj^ never 
be ail effective one ; mid we would advise our corres])o:Kl;. U not to 
looje any time in making engines on that principle. 

2nd. Magnetiot loctrical machines,* having soft iron magnets instead 
of ])erinaucnt ones, have long been before the public. Our coiTespoii- 
deiit may s(?e several of them ut Watkins ai^d Hill’s Establishment, 5, 
Cliariijg Cross. 

3rd. We do not see that Mr. Uriah Clarke has omit/ed any i)art of 
the description of his electro-inagtiGlic carriage, excepting, perhaps, 
some wheel, or wheel and pinion inside. He has given ilu^ kind and 
extent <»f his batteries ; and has also stated that the carriage is pro- 
pelled by an an’angemeiil of machinery on the reciprocating jmnciple ; 
and this vcciprorating principle was pr(*,viou{jly described in Ihe Annals 
for July last. (See vol. 6, ]). 33. fig. 3, plate I.) If there he any wheel 
and pinion in the arrangement, the pinion will be on the axle of the 
fly wheel, and the wheel in which ii, works on enn* of the axles of the 
travelling wheels, Hc'iicc the fly wheel will make more revoI;:tions 
than the travelling wheel, ' 


The Daguerreotype plates may be viewed advantage by means of 
either a convex lens, or a spherical concave mirror. If the plate be 
held before the mirror, and the eye a little above the })lale, the effect is 
very beautiful . 
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Wi^hin^ at all t'mes eonijily witli thd solicitations of our subscribers, we bare nojr under* 
T.filteri to write a series of faiuillar, and wo hope, itisiructivodeetares ou the various branches of 
Electricity and Magii»‘tism; iDcludiiiR Mechaniral-ElectricitJ', GiUvauio-Eiertricity, Voltaio- 
l£lei'l)ii!)ty, Thermo-Electricity, Afagnetic-Eleotiicity, Magnetism, Eleetro-MagneUsiu, and Elec- 
tro* Tinniatrv. 

We ill# aware, that this undertaking is an arduous task, hut being tinxious to give every 
nssi^taiwo in oiir poW(*r to uinate.ur experimenters, und to render the '* Annals" ^till more gene- 
lally useiiil thau heretofoie, wo are in hopes that, by introducing tins novel feature into the 
u'di k, much niAV he ticcomiihshcd by assisting those of our readers who, in cousequenec of the 
dKlcctne coiidilioii of our old stand’aril workf, ami the imporieiTioiis and palpable absurdities 
whicli later writci.*, Imve jutv«tduced bo their productions cm these subjects, may be without any 
other givide m cimdutrinf; IbcJr expenmentaJ iiiqiiuies 

We are woH aw^re ot “ the lamentable defect in Uiis kind of knowledge which has recently 
been elicited^iu a quarter wbere om‘ would least hare €yf>eeted it," as oliser'ed by a cou’espon- 
deiit. Aiirl.“prq^«ifdy alow e/ose discussions might he I he meac« of developing the talents of 
tl^e < lito ol Entisirvioctrii laiis fm , cUtliouuh Hilcnce may possibly be a w isdom in some of thefu 
viJio haxe had Imr ojqiortiuiiues of exercising their puisHanee in support of then pretended dis- 
co\eries, tliei/ docyinrjr to enter the lists is no favourable interpi elation of their claims to 
Mlblli" cicdf ^ 


, , LECTURE I. 

In intr<»(liic*in;r tliesc lectures to the rcaders^of the ‘^Annals of 
Electricity, Magnetism, ^^1(1 Chemistry, &c.,’' as they are intended 
principally lor tlie instruction of amateur experimenters, it vjill be 
necessary to avoid* as much as possible, all tliose phrases and lech- 
nicalRies \v)ii«Ii not only puzzle, but ahsoliilely mislead, even those 
uho have, in their own estimation, mueh higher pretensions to a 
knowledge of such lashionable ajipendages to scientific literature, 
than the persons lor w hose instruction these lectures intended ; 
and to whom, therefore, I shall address myself witli frecflom, and 
irij^the plaiiic'st language# that ilie present state of these subjects 
appear to me to be capable of admitting. T do not, however, wish 
to enter into any engagement that would limit my labours to the 
humble task trf a mere cletjiil of f&cts, without linking them together 
in^. sfSne theoretical system or systems of pliysicai law s ; because 
one of my objects is to trace to the same operations of nature, those 
facts, and those only, which ai'e easily, and not otherwise, explained, 
bv 4hat code of hi^ws wliieh governs the display of one peculiar 
* class of phenomena, ^nd not to oncnralfer any theoretical system 
with those phenomena to which they do not appear to belong ; but 
to cxjilain eacli class of phenomena liy its own peculiar code of 
laws ; or if you please, by its own peculiar theory. Hence it is 
that I shall be expected to be explicit on every point on wdiich I 
touch, both experimental anti theoretical, and either undertake to 
explain all those experimental facts which I may consider necessary 
to bring forward, or candidly artfknowledge that they are inexpli- 
cable upon the theoretical principles which I advance. ^ 

It will here he necessary to enter into certain conditions with 
my readers, respecting gome of those theoretical points, which 
r^yxiy philosophers, even of the present day, appears t^ be some- 
^ii^hat doubtful : though I believe the opinions of many others ar*=^» 
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favourable to those tlieoretical views by which I propose to be 
guided. 

I wish to be understood then, before I proceed any farther, tliat, 
besides those recognised portions of matter which appear to be 
the principal part of the materials which constitute the earth and 
its atmosphere, such as the various kinds of solids and fluids whicli 
usually ri’ccive tliese general appellations, there arc, at least, three 
others, whose reciprocal actions on each other, and whose jecidliar 
operations on the former classes of bodies, are productive of the 
most .sur])rising, and, in our present state of physical knowledge, 
the most interesting phenomena that nature has revealed to man. 
These* are the electric matter ; — the magnetic matter ; — and the 
calorific matter; each of which I shall consider as a distinct ele- 
ment, possessing peculiarities of force and modes of action, and 
exhibiting jihenomena which no other kind of matter has the power 
of displaying. 'I hey, however, operate on one another in' a very 
remarkable manner, by tlteir pcciifiar reciprocal cxciiktimis, and 
are thus productive of phenomena which Iiave led some philoso- 
phers to tlie belief of their complete identity. 

The fineness and subtilty of the clcctricf the magnviiCy and the 
cahriiic p.irticles, lead us to infer that .they insinuate themselves 
into t;he pores of all other kinds of terrftsmal matttT ; and their in- 
activity, when unmolested in these their natural liabitations, is ob- 
viously a consequence <j 1' the equilibriunis of therr resju'Clive fiUces, 
when in an undisturbed slate. Sq long, therefore, as these natural 
ecjuilibriuins reuuiin unmolested, all oi these material agents -are 
perfectly inactive and exhibit no phenomenon whatever, lienee it 
is, that sonie exciting process becomes absolutely necessary before 
any of their respective ph(*noiriena can be prodiieed. I'Jjc pro- 
cesses of excitation which may be employed for bringing these 
agencies into a state of activity are exceedingly various, as 1 shall 
have occasion to sliow in many pasts of tliese lectures ; but for the 
present, it will be sufficient that 1 describe one simple modftonly, 
of exciting each individual agent, by means of which, •certain pfic- 
noincna of eacli class may very easily be brought to })ass. 

If you take a stick of sealing wax, and, without deny preparation, 
present it to any very light article, such as small feathers, bits Q)f 
thin ])aper, &c. ])laced eithei on a table, bohk, or a drsh, &c., you 
will not perceive any action whatever exercised by the wax on these 
liglit bodies. Tn this case you may easily in?jigine, that there is a 
complete electrical equilibrium in the body and on the surface of 
the sealing wax ; and also bi the liglv articles to which it was pr^ 
sented ; and is in consequence of this < cpiilibrium that the 

electric matter is ])crf«ctly inertw and w*ili not act upon the light 
bodies which you had prepared. 1 wish it to be understood, how- 
>ver, that, although the electric forces of tlie wax had not a sufficient 
degree of intensity to cause a disturbance in the light bodies, it is 
still possible, that there might not be an absolute uniformity in the 
•distribution of the electric matter, either on the wa^ or on the othfef 
^ bodies. • 
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' Now warm the stick of* sealin^^-wax, taking care not to Jieat it too 
much and then rub it on the sleeve of your coat. 

By this simple process yon have disturl)cd the previous electric 
equilibrium of the scalin^-wax, and caused the electric forces to 
become sufficiently active to produce motion in the light liodies to 
wJiich you now may present the stick. They will rise up and cling 
to tile wax, often changing their positions on its surface, and sonie- 
tinuiS th,ey will be suddenly tlirown off again to a iieighboiiririg 
body, to which they wiU'attach themselves for a short time, and 
again jump back again to the sealing-wax ; again leave it, and 
again return ; and so on for several times before the action ceases. 
These motions of the light bodies are electric phenomena ; and may 
be repeat^*d many times by renewing tlie activity of the electric 
forces, by ag^n riibbing the dry anil warm ^ealing-wax on the 
sleeve of your"^ coal. 

If j-mii a piece of dry wool'.en cloth to iha .‘.Ireve of your 

coat, you vub the sealing-wax with it widi the sa ne efiect Or 

you may use ]>iece of dry and warm ilannel t{> nib your wax 
against; or the fur skiv' of a hare-skin, or a rabbit-shin, Avlileh ii-, 
perha{1fi, better than any the previously nan:etl substances- But 
whatever you may choose' to rub tiie se'iling-Ava?v W'ith, let nu* ad- 
vise you to iM\e it tv.'irm Snfl rhy/, beeaube much of yonr Mi^'cess 
in the experiment will dej'C'iul oi* tliObC CouditioUh orboti*. the rnh- 
hin^ xnbsiaucc and file bcaiing-wax. 

It will now fie proper to infonn you thi\t the motions wiiieh the 
lighfr bodies make foirards the f.e.il»ng-wax are con-;klercd to be the 
effiect of* an electrical aii n<clh)}i , oxovlvd betwe<‘n them and the w ax ; 
and their motions fmm the ’iv:ix an* consiilrTcd to h(‘ du$ to an elec- 
trical attraction exerted Ix'tiveen them and tlie body to wljieh they 
fly,%id for a wlille attach them., elves, ih^sldcr* the force of elec- 
trical at f radio}/, there is also a force of electrical rcptilslor,, to which 
I shall solicit your attention u*ore»particularly in due coarse as we 
proceed. 

There are*^iany other bodies whicli exhiiiifthis ehes of electrical 
phenomena, by treating tbem in the niniiner 1 have described lor 
sealing-wax. Sacli is the case with amber, sulphur, tkc. If you 
us»^ a glass tube for tlie exhibition of these idectrical phenouKuiM, ft 
will also require to b(‘ ^farni and dry, not only on the outer sur- 
face, but oil the inner surface also ; and the rubbing substance 
ought to be soft silk. .A piece of old black silk answers as well as 
any thing. The rubbing process, in all these cases, whateve r may 
•be the nature of the articles etujployed, is^ called erdtalion 

When your sealing wax, or glass tube is well excited, and held 
at a short distance above the lights Viodies, tli^ latter may bi^ made 
to produce rapid motions to and fro, and dance on the table as if 
animated, by the active electric forces to which they are exposed. ^ 
If you place your light 1>odies on a pewter or a silver plate, or on 
any -metallic flat surface, their dancing motions will be more livtdy* 
than when placetl^on any other kind of material: and if yiui touch , 
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the metallic plate with one of your fingers, the activity of the ino-. 
tions will be considerably improved. 

I will riow solicit your attention to a simple mode of producing 
magnetic phenomena, which I consider to emanate from the enier- 
gies of an agent perfectly distinct from the electric. You must 
allow \xie to suppose that you are already acquainted with an instru- 
ment called the magnetic^ needle ; it is sometimes called the compass 
needle; and when supported on a finely pointed pivot, so ai^o 
rest on a horizontal plane, one of its ends, in these latitudes,* points 
towards the north, inclining a little towards the west of that point; 
and its other extremity, consequently, points a little to the east of 
the true south. ] n many other parts on the earth’s surface, tlu* 
direction in which the magnetic needle places itself ^hen at rest, 
relatively to the geographical meridian, is very diffet^pnMo that in 
which it reposes in tliis country. JJut in every part df the worhWt 
is subject to certain influences wdiicli are capable ot commiinit^ating 
to^it peculiar motions, and^ placing It stediastly in (jtliCrf positions 
tliaii those which it assumes when no such local influences are 
present. 

If, after tlie magnetic needle ha? come to rest, you '^ere'VB turn 
, it on its pivot with your finger, so as to point to some oth^^r quarter 
of the World, and then take your fingew away from it, tlic needle 
would commence a series of movements which would terminate by 
its settling again in its former position ; showinjf tliat, by the opera- 
tion of some hidden force or agency, the needle had*a greater ten- 
dency to repose in one direction than in another ; which, in Miiglahd, 
and in many other countries, is mure near to the *tneri(liiin than to 
a line placed east and west ; or to a circle of latitude At that place. 
With respect to the cause of this ])eculiar tendency of the needle 
to place itself in a north and south direefSon, 1 can tuily s.ay, in41)is 
place, tluLt it is so completely under the control of the magnetic 
forces ot the eartli, that they ajinie are supposed to constrain 
it to assumt! that particular direction*; but why the emth is 
magnetic, and why its magnetic forces should be so^'nuated aj to 
operate on the needle in that peculiar maimer, are matters which 
philosophers liave not yet determined. 'I here are,>«however certain 
laws of magnetic action^w hich are well known, and which 
explain in a future lecture, my object at •present, being that of 
showing the simplesl, and most easily produced specimens of the 
three grand classes of phenomena' which ar^f so eminently conspi- 
uous in nature, and so easily distinguished from each other. 

Perhaps the simjilest p^'oeess for^ bringing the calorific matter 
from a state of iifactive repose to a state of such activity as to ]>rd- 
duce ignition and fire,^wouId be^at of striking flint against har- 
dened steel, and tlms igniting detached particles of the metal, 
*^which in their turn, would ignite gunpowder, tinder, &c. In this 
case galorific matter, which, previous to the collision of the 
flint and ste^l, w^as perfectly inactive, has, by the operation, be- 
o come suddenly compressed into a smaller compassi than that withrir^ 
it previously pccupied, and becomes active fire in the condensed 
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Balance Sheets or the pretent state of tire Controversy. 


-Has shewn that there are three distinct 
kinds of lateral discharge, and has descri- 
bed the first kind and its mechanical efieota. 
— P. 174. 



Has described the third kind of lateral 
discb^iVe, ai3il shewn the cause of its prt*' 
ductiou. — P. 174. 


Has contemplated llio clectricuil^cnndition 
of a liphtuif^-wd, during the time *of its 
carrgtng a discharge ; and the effects eons<'- 
quent upon that elecli'ica condition. — P. 174, 

and 4lH, 419, of this vol. {_ 

~ Has 'describctl7*aiul "shewn the effects of, 
fllectrir n'aoes,—l\ m, IRO IHI, 18*^ erf ^ 
thft veil. ) 


Has desenbed tlic eiectro-niiigueuc jihe- 
uumena uunstiiuunt upon a Hash of ligbt- 
tiioff traversing the main-mast conductor of 
Iteagle ; and has shewn that, os 
magnetic effects were produced pro- 
nht^ is, that the piimitive flash of light- 
ning did not strike the vessel ; the observed 
effects being due to on el ectric wave. — P.179. 

'lias taken into consideration the proba- 
ble effects of oblique flashes of lightning on 
the ringing of ships. 


Has disposed his system of conductors so ) 
us to prevent, as for as possible, the efiects of r 
oblique flashes, in tile rigging ) 


* das disposed his system of conductors so 
as to distribute lightning into feverol branch 
conductors, and scatter its effects into com- 
paratively harmless streams, almost the 
moment it arrives at the rigging. 


Has indirectly acknowledged the first 
kind of taierat discharffc, and ulao its 
meclumical action.— P. 317. 


Denies tliJs kind of lateral dischaaige in 
the present discussion, page 318 of this vol. 
hut, told the Jfintish Association, at Liver-! 
pool, ^ that “ he had produced beautiflil 
illuminating efiects by discharging electricity! 
along a wii-c encloi^d in an exhausted gloss 
recfcAver.*' — Aiheutnum for Sept. AOth, 1837. 


Acknowledges tins kind of lateral dis- 
charge ; but gives a different explanation of 
the cause. 


Has contemplated the electrical condition 
of a lightning rod, jinor to the ^schorge 
taking place, aud consequently when no 
lightning was present, nor any couductorj 
.necesKar>\ — P. 31 b, 317, 419, of this vol, 

[ IT us not token into consideration €ledtr%\ 


i lTus not 
cal reaves. 


I 


Insists on tiic Dcogle Tieing struck ; but 
for want of due attention to the influence of 
electric vraves ; and the eleotro-moraecic 
influence of a primitive discharge of light- 
ning, he has not token their effects into 
consideration. 


Has not noticed the probable effects of 
oblique flashes of lightning on the rigging. 


I 


Has disposed his system of conductors so 
as to afford no protection w'luitever to the 
cjrterior rigging, against oblique flashes, j 


Has disposed his system of conductors so 
08 to give no assistance to each other above 
deck. 


Has disposed his system of conductors so 
Bs to lead the lightning into the body of the 


Has disposed his conductors so as to pre- 
vent the lightning entering the ship, by 
carrying it overboard on both sides. 


Has disposed bis system of branch con- ' 
ductors, so as to counteract each other's 
mognetto effects on steering compasses, 
chronometers, &o. placed near to the axis of 
the vessel; whether those instruments be 
placed above or below deck. ^ 


The difibrence of the expense, time requisite fer the equipment of a AO gun frigate , 
with the two syrstems of eonductors, may be seen at page 100 of this volume. 

’ Vol. IV.-r-Nb. 24, April, 1840. o 


Has disposed bis system of conductora so 
os to give great focilicy to magnetic octionon 
compasses, dhronometers, &c. placed eilhei'' 
on deck or below. 
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LXXllI. — Voltaic reaction^ or the phenomenon utually termed ' 
• ' Polarizatim. By Mr. W. R. Grove. 

On Friday evening, the 13th instant, Mr. W. R. Grove, de- 
livered in tlw Theatre of the Royal Institution, of Great Britain 
a very interesting discourse on “Voltaic reaction, or the 
phenomenon, uso^y termed Polarization,” and at the concly^ir 
sion, exhibited the effects produced by his new<> and 
surpriring voltaic combination. 

We feel it impossible to condense the subject as treated 
by Mr. Grove, it should be given verbatim through each step 
(ff his inductions, and well deserves full publication v*we bre 
happy however to ];>e able to furnish some partic^ars as to 
the astonishing performances of the batteries'employed, whic^ 
the audience were informed were prepared for the ooj^sion by 
Messrs: Watkins and Hill^ of Charing Cross. 

Mr. Grove had his batteries arranged in two forms, one 
developed the condition of “.intensity,” while the .^ther 
exhibited “ quantity,” and from the effects observed^ it was 
manifest that in both cases a most judfeious arrangement had 
been evdopted — The “quantity” battery consisted of 40 pairs 
of 4 inch square platinum plates, with double amalgamated zinc 
plates with porous cells and porcelain troughs arranged in series 
of eight, 5 pairs of plates.— Nitric acid being in contact with 
the platinum, and a diluted acid solution of "sulphuric acid 
and water in contact with the amalgamated zinc. — ^The pla- 
tinum and amalgamated zinc plates were arranged in' their 
proper cells, and supplied with acid sometime previous to tfie 
lecture, and it was noticed that no action was visible, indeed 
all apparently was in perfect repose for three hours, until the 
moment of completiim the circuit, by joining the pqsitiv^and 
negative ends of the battery by a conducting substitnee. Ibe 
wonderful energy of the arrangement then developed itself. In 
the first instance witii the “ quantify,” arrangement of eigl^jt 
5 pairs, each 4 inches Square, whence eijeuit was completed 
through a large voltameter prepared for the occasion, one 
hundred and ten cubic inches per minqte of the gases was 
evolved by the decomposition of watdr, 

We believe this is the first instance wherein so large a 
quantity of gas lias been'producdd by voltaic action in the' 
short period of a minq^te. ^ , 

The heating effects of this quantity battery were far above 
that obtained by any previous voltaic combination, for it 
fused a thick iron wire ,ith inch diameter, and 10 inches 
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long, and a slip of thick platinum foil 12 inch Irtlng and Tinch 
in breadth, was rendered white hot. 

/Mr. Grove then referred to his “ intensity” hatteiy which 
only covered a square surface of 16 inches on ea<;h side. The 
cells were 4 inches high and consisted of 50 pairs of platinum 
plates 2 inch x 3 inch, with double amalgamated zincs«i. With 
this comparatively small intensity-battery an arc of flame, 
obetween charcoal points, was observed inch long Tused 
fi&:ge^and thick iron wire. Mr. Faraday having lent his pocket 
knife to the lecturer, the large blade was instantly deflagrated, 
exhibiting a splendid shower of scintillations of steel. Large 
masses of zinc, copper, soft iron, &c. were then submitted to 
the action ^of the battery, and a most splendid series of com- 
bustions wpjre the consequence, die coloiy of die light being 
dependent 'lipon the metal employed. 

Mr. Gfoyc adverted to the letter of Professor Jacobi, of 
St. Petel'sSiurgh, to Mr. Faraday, pfiblished five montBs after 
his, Mr. Grove’s first paper on the batterjs.in which it was 
stated so^c extraordinary ejects of decomposition and mag- 
neti? action had been obtained by a battery, of which the 
Professbr did not give^he particulars. 

Mr. Jacobi however* has since this, without hesitation, 
acknowledged* to Mr. Patterson, who witnessed his experi- 
ments last October, that the voltaic combination, he employed, 
was that of Mr. Grove as originally published in the Compte 
Rendu of the French Academy. 

We cannot conclude this hasty sketch of thfe evening’s 
exhibition, widiout expressing our conviction that Mr. Grove 
h'S rendered a great bbon to science, by the publication of 
his researches on voltaic combinations, and we trust he will 
continue his labours in this ferrtile department of experimental 
science. ^ 


tXXlV. — Review (md Notices of New Books. — An Outline 
of the Sciences of Heat and Electricity. By Thomas 
Thomson, M. Regius Professor of Chemistry in the 
University of Glasgow^ ^c. ^c. FI. Bailliere, 219, 

Regent-street, London. 3^ B. Bailbere, 13, Eue dc L’ Ecole 
de Medicine, Paris : T. O. Weigel, Leipsig. 

The work before us contains the besi treatise on heat that 
we have yet seen, and«is another specimen of that eminence* 
of talent and exquisite discrimination by which its autilor has^ 
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f4[»: a^long serie.6 of years, distinguisfied hyhimself in the fields 
of science. The phenomena of heat, at all times, display a 
fine field for“the contemplation of the philosopher; and whten 
arranged in ^that judicious manner, treated in that easy 4&id 
lucid style, and discussed with tliat freedom and candour in 
which^Aey appear in this work, they become familiar and 
interesting in every department of experimental science, and 
earil}^applical)le to many of the common affairs of domestic 
Ufe. , ^ 

The work is printed on good paper, and with a bold clear 
type ; and contains many illustrative wood engravings and a 
copper plate. It is got up in a neat style, and ought to find 
a place in every scientific library, both public and Mvate : 
and we strongly recommend it to the pcmsal of f^iffis who 
wish to obtain infonnation in these subjects on wliicli it treats^ 


LXXV, — ^Miscellaneous. — Description of an Silechical 
Machine^ made by Messrs. Watkins^ and Hill^ 5, Sharing 
Cret^Sy London^ expressly the Royal Victoria 
Gallery for the Encouragement of Prq^fieal Science^ 
Manchester. ^ 

Figine 5, plate XI, is a perspective view of this splendid 
instrument, •ffff is a stout rectangular mahogany frame, 
supported by four pillars at its angles, as seen in the figine. 
From each of the two long parallel sides of tliis frame, rise ti^o 
mahogany pillars, supporting a cross piece, which fomi*d, vertical 
rectangular frame on each side ^of the horizontal one. The 
front vertical I'rame is represented at c, e, c, e ; and the jrear 
one, which is principally hid from view, shows ^e of its 
pillars at e, on the right hand side of the picture ; its other 
pillar and cross piece are represented by dotted lines. From each 
end of the horizontal frame ffff rises a stout glass piil^^t* 
f gf and f f : surmounted with a brass ball b and b. These 
glass pillars, and another shorter one at P, support the curved 
brass conductor o, o, o : and also four rubbers, two on each 
pillar, with their silken flaps s s, and .5, s. The glass plate, 
represented by the large "oval, isrfour feet in diameter : and 
revolves remarkably true, on a^out brass axle, supported in 
the middle of the cross pieces ol the vertfeal fi^es <?, c, e, e, 
land 6, &c. The vertical brass rod r, screws into the ball b, and is 
intended to keep the upper silken flap from being displaced, 
by connecting them with silken cord in the manner shewn by 
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the zig-zag lines. The liWer silken flap is kept in its place 
by attaching it, in a similar manner, to its vicinal glass pillar ' 
. The prime conductor c, c, c, c, is a splendid appenda^e^ 
to^the machine. It is o£ brass, beautifully polished and 
lacquered, and furnished with a stout solid glass stem g, 
which, by means of a brass dovetail is attached to th^ cross 
piece of the front vertical rectagular frame c, e, c, e. The 
. collecting points proceed from two straight brass tub^ ter- 
ujina4cd with ebony balls as seen in the figure. The massive- 
ness lof the frame work, the unusual size and elegance of the 
prime ccmductor, and the excellency of workmanship displayed 
in the whole, give to this machine a degree of magnificence, 
perha^ never before equalled in any piece of electrical 
apparaftrs-/. Its power corresponds with^^ its ma^tude and 
' appearance, and, if possible, surpasses* * my anticipations at 
the time I gave directions for its structure. , I have already 
passed fi^rough a series of rwelvc Lectures on electricity since 
the arrival of the machine at this Institution, and its per- 
formance has given both our Directors and myseU* the greatest 
sati^action. 

• . WILLIAM STURGEON. 

• Royal Victoria Gallery, for tlie Encouragement of 
Practic|l.^cience, Manchester. 


METEOR SEEN AT SANDWICH, KENT. 


Letter to the Editor on a Singular Meteor seen at Sand 
wich^ Kent. 

• Sir, 

About midnight on the 6th inst. a most extraordinary 
Meteor was seen by many persons in these parts, but I had 

*ioii the good fortune to be one of th^ observers. Persons 
with whom I have fconversed say, it was as' large as die moon 
at full, the light intensely brilliant, even more so than the 
brightest day light, and that our gas lamps for a few seconds 
were reduced to insignificant specks of light. It passed to 
the N. W. I hope you wiM get some better account of this 
phenomenon. 

• W. H. WEEKES. 


Sandwich^ Feb, 18fA, 1840 




Note on Voltaic Batteries. 


In my ** Experimental Reaearrhes in OaUfaniau,., ^c." published in 1830,1 have stated 
Chat, if any metliod could be devised for keeping the transfer of the mercury to ttie copper, 
amalgamized zinc might be very advantageously employed in theetnicture of voltaic batteries* 
During the course of experiments which I was then pursuing, 1 discovered that, although tlie 
electrical powers of copper, and sums other metals, became deteriorated by a parual coating of 
mercury, iron, on the oontraiy, had its electrical powers improved by such a coating of mer* 
cury, and formed with amalgamated zinc, a more powerful battery than copper with zinc. 

Abov^ a year ago, I formed a battery of twelve iron gas tubes, each twelve inches high ; 
and strips of amalgamated zinc, which performed remarkably well. 1 am now making'^ 
very extensive battery of similar materials for this Institution, which 1 shall describe /n the 
next number of the Annals. 

About a month ago, Mr. J. P. Joule purchased one of Grove's batteries of Watkins and 
Hill, and has been led to try sheet iron instead of the platinum. That gentleman iufonus me 
that tlie iron performs very weU. 

Royal Victoria GalWy of Practical Science, 

Manchester, March 1840. 


WILLIAM STURGEON. 
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ElemetUnry L^lures o(t Electricity , 

state it is made to assume by the blow that is given to it by the 
flfiit and the steel. The blacksmith makes a ngil red •hot; by 
giving a few smart blows with a^hammer ; and the Indian obtains 
fire by rubbing two« blocks bf wood agiiinst each other. These, 
and many other mechanical processes, are productive of fire, by 
calling into action the calorific matter which, previously, *was so 
perfectly inert, as to be incapable of igniting the most infian>mable 
^ift^tter. In some chemical compounds this latent calorific matter 
is soC' susceptible of activity by mechanical operations, that it re- 
quires extreme caution to prevent their ignition, even during the 
necessary processes of ])repai'itig them, and transferring them from 
one vessel to another. , 

In J:l\e epurse of tliese lectures 1 shall have occasion to show 
that an dcu^'^c portion of the electric matter, l^as the power of dis- 
turbing an inactive portion, and thus causing it to become active 
also* Ae^ivp portions of the electric matter will also disturb other 
active portions of it, and become pibductive ot very interesting 
phenomena. Active magnetic matter is also productive of its own 
class of phenomena, by the operation of it**, peculiar forces on other 
l^rtl^ns oT matter of its own kind : sucJi, also, is the case; with the cal- 
orific matter ; for one jiortion will disturb another portion, and 
^thus become tlie exciting, cause for the disjday of other cjalorific 
phenomena. Moreover, these distinct kinds of matter have the 
power of reciprocally operating on one another, in such a manner 
as to b^coiife the existing agents for^ the display of each others 
pT^enorneria. Hence it is that we employ the terms c/rc/ro-rwr/g- 
m’tism , — fiiayjtetic-cftdriciiy, — iherwo-vkicricily, &c., the adjective 
in each exjiression implying the exciting agent, and the noun the 
character of the phenomena produced. I shall also have to employ 
tMl* terms galcanic-ckclriclty and voltaic-vlcclricUy, all of which 
terms I sliall endeavour to explain in their proper places as I 
proceed. 







